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EXECUTIVE SUMMARY

This study is concerned with the development and validation of a

shipboard noise exposure data acquisition procedure. This pro-

cedure represents a first step in the overall framework for a

Navy Noise Exposure Data Management System which is discussed in
the text. The immediate purpose of this data collection process
is to provide for standardized measurement techniques that may
be used by various Navy units concerned with occupational noise

and hearing conservation. This noise data base, when computer-
ized, can be used in concert with the shipboard noise exposure
model developed in an earlier study ,EI1 to assess the magnitude
of the overexposure problem onindividual ships, ship classes

and ultimately the entire fleet. The benefits of this approach

are guidance in the development of hearing conservation and
educational programs, and in the assessment of noise control
priorities in the fleet. Future extensions of the data manage-

ment system include:

1. The assessment of audiometric data together with the noise

exposure data as a function of personnel rates and,

2. Extension of the system capabilities to other occupational

hazards such as heat stress.
, )

*.The results of this study, which was conducted on 12 ships of

the FF-1052 (Knox) Class, howed that standardized measurement
* techniques consistent with the requirements of the data base can

be successfully collected by Navy personnel (Environmental
Preventative Medical Units). Both the time required to perform

each survey and the quality of the data collected by the EPMUs
meet with the original goals of the study.
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The validation of the data base was conducted based on the

analysis of the "auxiliary steaming" operational mode of 12

ships. Noise exposures for various engineering rates were

computed using the analytic model and compared with an indepen-

dent data set collected using dosimetry. The results of direct

comparisons show substantial discrepancies. These are due most-

ly to a lack of consistent definition in the personnel assign-

ment data and the proximity of the calculated noise exposures to

the threshold established by the BUMED noise standard. In

retrospect, the selection of the "auxiliary steaming" operation-

al mode was unfortunate in the validation effort. It is be-

lieved that comparisons for an "underway" operational mode would

yield significantly more consistent results.

It is recommended that a limited validation of the "underway"

mode be conducted. Furthermore, it is recommended that the data

base be computerized, at least for the FF-1052 (Knox) Class and

that all EPMUs utilize the data acquisition procedures when sur-

veying this class.
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1.0 INTRODUCTION

The research reported here has been supported under the Office

of Naval Research Contract N0014-78-C-0408 with funds provided

by the Naval Medical Research Development Command.

1.1 Historical Review

The U.S. Navy has been concerned for many years with the noise

environment to which its personnel are exposed on-board ships

and at Navy ground installations. To that effect, various

shipboard noise standards, like the BUMED INST 6260.6 series,

and more recently, the DOD INST. 6055.3 have been promulgated.

The U.S. Navy Medical Department also performs audiometric

examinations on personnel entering the Navy and then at subse-

quent stages of their duty. The objectives of the noise

standard and the hearing examinations are the prevention and

early identification of occupationally induced hearing loss.

Measurements conducted on-board ships, and especially in engi-

neering spaces, indicate that the high noise levels present may

potentially result in substantial hearing loss and subsequent

compensation. Although a significant effort has been expended
over the last several years by the Navy to measure and control

shipboard generated noise, no personnel noise exposure data
collection and evaluation system is currently available. Noise

exposure data are rarely computed since this involves a rela-
tively complex process, especially in shipboard environments.

The complexities are due to the varied operational character-
istics of ships (and thus of the machinery responsible for the

noise) and the difference in personnel work assignments for

different ship operational modes.

Furthermore, audiometric data are normally restricted to the

individual's medical record and no data concerning correlation

between high noise exposure occupations and hearing loss trends

are available.
i 1-1
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1.2 Program Objectives

The need for a noise data base system clearly exists. The

method of solution suggested here is the development of a

shipboard noise exposure data management system that may be used

by the Navy, at all levels of enforcement and hearing conserva-

tion planning, to monitor and quantify the noise exposure

problem in the fleet.

A model that could serve as the central core for such a system

has been previously developed under sponsorship of NAVMAT [l]*.

The objective of this first phase of the work reported herein is

to develop and validate the data acquisition system to the

model. Specifically, the main objectives of the program are:'

1. To evaluate the Navy procedures and capabilities in the

area of noise data collection,

2. To develop the methodology for the data acquisition system

based on the Navy capabilities, and,

3. To validate the accuracy of the data acquisition system

and the noise exposure model.

It should be noted that although the major emphasis of the

proposed work is the description of the hearing loss hazard --

noise -- other occupational health hazards such as heat stress

may also be approached in a similar manner.

The subject of occupational noise aboard ships has been
addressed to some extent in a recently completed study entitled,
"Occupational Noise Exposure on FF 1052 (Knox) and DD 963
(Spruance) Class Ships." This report which concerns itself only
with the noise exposure in engineering spaces, points out the
deficiencies of the present data acquisition system, and
suggests a method for solution.

Numbers in [] concern references listed at the end of this
report.

1-2
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1.3 Program Constraints

The pursuit of the above objectives was conducted under the

following constraints:

1. The data acquisition procedures were designed around

acoustic equipment currently available in the Navy.

2. The data acquisition supportive of this program was per-

formed by the Navy Environmental Preventative Medicare

Units EPMU in the course of their normal duties. To limit

the time necessary for the surveys, only the In-Port

operational condition (auxiliary steaming) was evaluated.

Furthermore, only engineering personnel active in mach-

inery spaces were included since these groups are believed

to be exposed to the highest noise environment.

1.4 Report Organization

This report is organized as follows: Section 2 discusses the

broad outline of the data management system, its elements, the

analytic model on which it is based and the specifics associated

with the shipboard occupational noise exposure application.

Section 3 discusses the development of the data acquisition

procedures, the organization and the field data collection

history. Section 4 presents the survey results, the analysis of

the analytical model predictions and comparisons of the results

with dosimetry measurements conducted to validate this

methodology. Finally, Section 5 summarizes the results and

limitations of this study and presents recommendations.

1-3
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2.0 THE NOISE EXPOSURE DATA MANAGEMENT SYSTEM

2.1 Background

The fundamental objective of the Navy Hearing Conservation
Program is the prevention of occupationally induced hearing

loss. However, to date, no system exists for evaluating

consistently the magnitude of the shipboard noise exposure

problem, identifying hazardous occupations and identifying
unsafe work areas.

Noise exposure rather than noise level is the critical quantity

in hearing conservation. Noise exposure is the time integral of

noise level over an individual's duration of exposure, calculat-
ed with an appropriate exchange rate between level and time.
The critical point here is that noise exposure relates to an

individual (or Individuals performing the same job in specified
locations), not solely to the noise levels in a particular
space. Thus an important input to a noise exposure data base

system is the identification of the time spent at various
locations by individuals having a certain job classification.

Note that these data are fundamental to any time and magnitude
dependent environmental hazard such as noise, heat stress or

airborne toxic agents.

The lack of noise exposure data found in the previous study [11

is not surprising since the computation of noise exposure is not
a simple process. Briefly, this process involves the under-

standing of the relationship between two variables: (1) the

noise hazard and how it varies from location to location on the

ship, and (2) the personnel work assignment or duty as a func-
tion of location and time spent. The situation is further
complicated by the various operational modes of the ship which

effect both noise hazard and personnel assignment.

L' 2-1



Report 4735 Bolt Beranek and Newman, Inc.

Before we discuss the specific questions investigated in this

study, a general overview of the occupational noise exposure

data management system as it is envisioned at this time is in

order.

Why is there a need for a noise exposure data management

system? In addition to the ability to evaluate the noise

exposure accurately, the system provides for a standardized

method for acquiring and compiling exposure related noise data

which in turn permits the pooling of information from various

sources for an overall Navy analysis. This approach also

permits the assessment of not only individual ships but ship

classes, changes in the ship class as a function of time and

reconditioning efforts, comparisons of a ship to its class, and,

by analyzing the input information, the identification of the

ship spaces (or locations) which contribute most to the

overexposure problem. However, the most persuasive argument for

the data management program is the ability of the system to

bring together, for the first time, shipboard noise exposure

data and audiometric data. This last factor, when operational, h
will help the Navy to plan not only more effective hearing

conservation programs, but also to develop the optimum strategy

for noise control in present and future ship classes. The 4.

general exposure data management system extends beyond the

purely shipboard application and even beyond the occupational

noise exposure application. The extensions to the basic model

are summarized in Section 2.3. The application to the shipboard _

occupational noise problem and the specific development of the

data acquisition procedures investigated in this study are

discussed in Section 2.2.

2.2 The Shipboard Occupational Noise Exposure Problem

The shipboard noise exposure and assessment model developed in

the previous study [I] was formulated to evaluate the

2-2
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occupational noise problem in two ship classes. This model,

which for completeness is repeated in Appendix A,* can be ex-

tended to the entire fleet. The purpose of this study is to

explore the acquisition problems associated with the data input

needs of the model. That is, what type of data base is required

to achieve outputs which are responsive to various Navy

echelons? Can this input data be collected by Navy personnel?

What is the accuracy that may be associated with this

procedure?

The approach used to establish the data needs was to identify

the type of results that are desired for a Navy-wide applica-

tion. Some of these results are oriented around the local re-

quirements where regional Environmental Preventative Medicine

Units (EPMU) inspect an individual ship and advise the ship's

C.O. of infractions and potential problems. Other results may be

oriented towards the Headquarters level where evaluations of

trends in ship classes, job categories, and hearing loss are

desired. The basic capabilities of the system as envisioned

presently are as follows:

1) To compute the noise exposure of shipboard personnel as

prescribed by existing Navy Noise Standards.

2) To identify Navy personnel with excessive noise exposure

based on the job classifications or duty.

3) To identify and classify shipboard spaces or locations

which most contribute to the noise exposure problem and

to provide for a method for rank-ordering these according

to exposure.

* The reader is encouraged to review the details of the model
in Appendix A to better understand the following discussion
and the dimensions of the problem.

_ 2-3
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4) To allow for the assessment of the benefit generated

(reduction of noise exposure -- not noise level) by the

introduction of specific noise controls on a given ship

or class of ships.

5) To provide a method for the collection and analysis of

audiometric data as a function of job description.

6) To allow the computation of noise exposure based on

other than previously approved guidelines. For example,
the exposure of Job classifications over a typical

24-hour day for a number of ship operating modes over a

year, or tour of duty, etc.

Based on the above discussions the basic elements of the ship

noise exposure data management system are shown in Figure 2.1 as

follows:

1) Input parameters. The input parameters are represented

a description of the hazard (noise level), the descrip-

tion of the personnel work assignments for all ship oper-

ational modes, etc.

2) Analytic Models. The analytic models are represented by

the mathematical and statistical relationships used to

analyze the input data and arrive at the desired output

parameters.

3) Data Bank Systems. The data bank system is represented

by the software, hardware, software maintenance, and

retrieval systems necessary to computerize the process.

4) Output Parameters. The output parameters are represented

by the Navy-wide requirements for hearing conservation,

planning, and shipboard noise abatement.

2-4
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As indicated in Figure 2.1, the input parameters, in terms of

the data type, quantity, format and method of acquisition are

defined, to some extent, by the desired output parameters. For

example, a requirement to compute a 24-hour noise exposure

would necessitate noise and personnel assignment data for the

entire 24-hour period instead of only the work hours. Similarly,

if year-to-year improvements or changes in noise exposure are to

be assessed, the input data must reflect the date of acquisition

and must be stored accordingly in the data base system.

Central to the success of a Navy shipboard noise exposure data

management system is the method by which the data are collected.

At the present time most of the personnel noise exposure evalua-

tions are conducted by 'he regional EMPUs which are located at

various major Navy certers in the US and abroad. The subject of

the specific procedure that the EPMUs follow in the data

acquisition process i: dLscussed further in Section 3.

In general the EPMUs conduct regular inspections of ships in

their region. L. the case of noise their mission is to iden-

tify noisy locations above 85 dBA and in some cases the causes
of excessive noise, and to advise the ship's C.O. of the ship's

status. As will be shown later, although the EPMUs purpose is

to inspect the ship for noise exposure, they limit their

measurements to quantifying the noise levels at various ship

locations. At the present time the EPMUs do not routinely

translate these physical measurements into comprehensive

descriptions of personnel noise exposure. It is the intent of

this program, through the Noise Exposure Data Management System,

to adapt the present EPMU data collection practices to fulfill

the data input requirements that will allow the computation of

noise exposure. One of the main objectives of the work reported
herein is to demonstrate the practicality and validity of the
input data acquisition process using present EPMU capabilities.

2-6
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2.3 Elements of the Noise Exposure Data Management System

The elements of the General Personnel Navy Exposure Data Manage-
ment System and its possible extensions are shown in Figure 2.2.

The matrix format is presented in terms of the four system
elements discussed previously. Three of these elements, the
input parameters, the analytic model, and the definition of the
output parameters for the shipboard occupational noise exposure

problem are the subject of the present work. Element number
three which is concerned with the computerized version of the

Shipboard Noise Exposure Model is not included in this phase and

is discussed only in general.

The objective of the matrix presentation is to provide a picture

of the possible extensions to the Shipboard Noise Exposure Data

Management System which may be desired in terms of the output

parameters and to show the interface that exists among the

various elements of the system. For example, the extension of

the Occupational Noise Exposure Assessment to watercraft and

shore facilities is shown as a simple modification of the data

collection procedures and an upgrade of the analytical model and
software to account for the difference in the physical environ-

ment in that application. The resulting outputs will be identi-

I. cal to the shipboard application except that now job classifica-

tions and operational modes in watercraft and shore facilities

will be considered.

The overall noise exposure application simply extends the capa-

bility of the system to account for the noise exposure perceived

in other than working environments. This application is espe-

*cially important in shipboard environments where the crew may be

considered as a captive audience and the relief from high noise

levels in other than work spaces is sometimes only minor. This

application would allow the computation of a 24-hour day noise
exposure parameter as a possible output. Current proposed

2-7
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I
standards by the U.S. Coast Guard and by IMCO (International

I Maritime Organization) tend to suggest that the shipboard

application problem in terms of hearing loss should be looked at

Jon a 24-hour basis rather than only on the workday hours.
One important parameter of concern in the hearing conservation

program which was mentioned before is the use of audiometric

data to monitor the effects of the noise hazard. Which

occupations are the most hazardous from the point of view of

noise? At the present time the audiometric data collected is

stored and used at the individual's level or command only. That

is, the data, when available, are part of the individual's

medical record and are not, to any extent, used on a Navy-wide

basis to define hazardous occupations. This information,

however, in concert with the noise exposure data could, and

should be used, to formulate hearing conservation and education

programs to evaluate and validate the long term effects of noise

1 control actions and to define priorities in noise control

efforts. The format of the shipboard noise exposure model lends

itself to the storage of audiometric data along with the

description of the individual's assignment. While it is not

fi envisioned that individual histories can be monitored in this

manner, statistical trends of job assignments can be easily

derived as a function of length of duty, ship class, etc.

Of special interest, therefore, is the potential audiometry

application of the data management system to monitor audiometric

data for the same job classifications, compute hearing loss

* trends, and correlate hearing loss with noise exposure results

for the same population groups. Note that the relationship

between the audiometric model and the shipboard noise exposure

model must be established so audiometric and noise data for the

rsame population groups may be considered.

II
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The analytical models for the shipboard-shore facility noise
control and other occupational hazards (time and magnitude
dependent) have already been developed in Reference 1. The
only requirement for these applications to the system are the
input data type and procedures which are necessary as shown in
Figure 2.1.

Each one of the above application extensions to the basic
shipboard Noise Exposure Data Management System is independ-
ent. Therefore a selection of one or more applications to be
added to the system may be made in any desired sequence and at
any time as the need arises.
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3.0 DATA ACQUISITION PROCEDURES AND MODEL VALIDATION

This section of the report presents the procedures developed for
the collection of noise and personnel work assignment data.

Also included is a description of the methodology used to vali-
date the results of the model and the specifics of the data base

required.

3.1 Data Input Requirements

3.1.1 Selection of Ship Class

As described in Appendix A the shipboard noise exposure model is

based on the assumption that the steady state condition can be
described for both the hazard (noise levels) and the operator

duty (personnel assignment). To accomplish this, both the ship
class and the ship operating mode has to be constant. The

selection of the FF-1052 (Knox) Class was based on two consider-

ations:

(a) previous experience with this class which was investigated

under a separate study [Ref. 1], and

(b) the large number of vessels in this class operational in

the fleet.

This last consideration was especially important since the

availability of ships of the same class for the special surveys
* to be undertaken was of prime importance.

3.1.2 Selection of the Ship Operational Mode

In order to maximize the use of the data base collected a single] operational mode was selected. The selection of the "auxiliary

steaming" operational mode meant that all measurements could be
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performed while the ship was in port. Since the bulk of the
data acquisition program was to be performed by the Environ-

mental Preventative Medical Units (EPMU), this approach would

limit the time required for the data collection process and

control costs. It was estimated that each ship could be sur-
veyed "in port" during an 8 to 12 hours period while a similar

survey of "underway" operational mode would require a minimum of

two days or more depending on the length of the trip. Further-

more this selection would preclude extensive travel by the EPMU

personnel participating by choosing ships which were in the port

where the units are based.

3.1.3 Number of Ship Surveys Required

Based on the FF-1052 Class noise data collected in Reference 1,
a preliminary assessment of the expected data variability (from
space to space and from ship to ship) was made. This informa-
tion was used to estimate the number of ships that would be

required in order to provide a statistically significant sample

for this program. The minimum number of independent sample

ships required was found to be 12. Based on this requirement it

was estimated that a period of 3-months would be sufficient to

collect the field data.

3.2 EPMU Procedures and Capabilities

At the onset of the program two regional EPMU units were
selected to support the data acquisition program. These were

1. EPMU-2 based in Norfolk, Virginia, and

2. EPMU-5 based in San Diego, California.

With the assistance of BUMED the Commanding Officers of the two

units were contacted and a general agreement to conduct the
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surveys was gained. As a first order of business an introduc-

tory visit to each unit was undertaken. The objective was to

establish their capabilities in the area of noise and become

familiar with the general procedures used by the units in the

performance of noise surveys. It was also desired to determine

the level of training and instrumentation available to these

units since the objective of the data collection system was to

design the methodology around existing procedures. The results

of the initial visits can be summarized as follows:

1. EPMU units conduct noise surveys either in port or under-

way at the request of the ship's Commanding Officer.

2. These surveys are normally oriented around measurement in

noisy ship's areas and in most cases involve surveys of

the engineering spaces in question.

3. No Navy-wide coordinated system for noise data acquisition

exists among the EPMU units. Each unit, over time, has

developed their own procedures of how to conduct the

survey and what data to collect.

4. In general noise levels are acquired only at locations

where noise levels exceed 85 decibels. (Prior to DOD

Instr. 6055.3 this cut-off was generally at 90 decibels.)

5. There are no standardized measurement locations at which

levels are acquired. That is, although some consistency

in the general procedure that each EPMU unit follows was

found, the specific locations surveyed in each space and

the number of measurements selected depends to a large

extent on the individual conducting the survey. Also, the

ship's operational conditions, although in most cases

noted, is not uniform. Thus, while most of the available

data are collected "underway", differences due to ship's

speed are normally not taken into account. In general,

I3-3



Report 4735 Bolt Beranek and Newman, Inc.

the tendency was to measure at locations where noise

levels were the highest (worst condition).

6. Surveys were normally limited to noise measurements at

one or more locations within the engineering spaces

without regard as operator location or duration of

exposure.

7. Equipment available to EPMU units is usually limited to

Type 2 sound level meters.

3.3 Development of Data Collection Procedures

This section describes the general process followed in the

development of the Sound Survey Forms used during the survey and

the procedures used to acquire the data.

3.3.1 Noise Survey Forms

The main objective in the development of the Sound Survey Forms

was to provide a standardized format for a data acquisition

system that would be consistent with the information required in

the shipboard noise exposure model (Ref. 1) and with the

general procedures and capabilities of the EPMU units. With

this in mind the Sound Survey Form in Appendix B has been

developed. This form was developed for each one of the engi-

neering spaces (or subspaces) of concern. A sample page is

shown in Figure 3.1.

Figure 3.1 shows the form developed for the Engine Room-Lower

Level. Similar forms have been developed for the Engine

Room-Upper Level, Engine Room-Second Deck, Fire Room-Upper

Level, Fire Room-Lower Level, Fire Room-Second Deck, Auxiliary

Room #1-Lower Level, the Auxiliary Room #1-Upper Level,

Auxiliary Room #2 and finally for the PD-Boiler Room 1A,

PD-Boiler Room 1B and the After-Steering Space.

3-4
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The front part of the form is sub-divided into four distinct

areas. These are:

1. General information,

2. Operating conditions,

3. Sound level data,

4. Personnel assignment data.

The back of the form contains supportive information to the

survey requirements identified in the front.

It should be noted that the general elements of this form are

common to any ship class that may be surveyed. However, the

details, especially those associated with the number of acoustic

spaces identified, the selection of measurement locations and

the machinery layout arrangements, are unique to the FF-1052

Class.

It is hoped that some version of a Sound Survey Form like the

one suggested here will be adopted for all EPMU units and that

comparable forms be developed for each ship class in the fleet.

3.3.1.1 General Information

The general information part of the survey form contains the

basic identification data for the ship surveyed. Such informa-

tion as the ship class and the space designation are contained

here as shown in Figure 3.1. The ship name, survey date, time

of day and type of instrumentation used is also identified.

This information is necessary to not only identify the ship but

also to make the attached information useful in later analysis;

for example, when this ship is compared to itself at future

'1 3-5
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FF1062 Ca. SOUND SURVEY FORM p. Iof 12

CODE GENtRAL INFORMATION CODE OPERATING CONDITIONS

Ship's Class FF1062 KNOX Readiness a Cond. 113 Cond. 1110
Space Surveyed Eng Rm. Lower LOVl Cond.IVOCond. VO

Ship's Name Operating Mode

Survey Date s (a) In-Port Cold Iron 0

Time of Day Aux. Steaming 0

Inspected by (b) Underway Speed _ kts

Meter Type Shaft - rpm

Serial Number

SOUND LEVEL DATA

LOC. MEAS. dIA INTER )  COMMENTS LOC. MEAS. d8A INTER. COMMENTS
CODE LOC. ? CODE LOC. 7

ELIB __EL6

EL2B __EL7

EL3 _

EL4
- EL5 __ _ __ _ _ __ _ _ ___ _ _

IE 5

PERSONNEL ASSIGNMENT DATA

LOC. MEAS.4) BILLET RATEG WEAR1 WATCHO HRS.JDAY AT LOC. COMMENTSO
CODE LOC. TITLE PROT. STAND

7 ? WORK WATCH

Figure 3.1 Illustration of the Sound Survey Form
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eEm. F. f, a Main Condensate Pump IB

Trans po~aFire Pump No. 3
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Main L.O. Service Pump IA
IA 18inOW Main LO. Service Pump 19

Cire L.O. Purifier No. 1
Pump Distillate Feed Pump No. I

L6 Distillate Foed Pump No. 2
\L. 0 4Drainage Eductor

Emergency F.D. Transfer Pump
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times or when it is compared to other ships of the same class.

Note that a column marked "Code" is located to the left of

General Information section as well as the other sections in the

form. This column is designed to eventually carry the

designation code to be used in a computerized version of the

model for storage and information retrieval purposes.

3.3.1.2 Operating Conditions

The operating conditions section of the Sound Survey Form con-

tains the basic information necessary to identify the operating

condition of the ship. This is necessary since, as pointed out

in the discussion of the model, both the sound level and the

personnel assignment data are believed to vary depending on the

operating condition of the ship. The information required is

self-explanatory. In addition to the readiness, the operating

mode of the ship is noted as "cold iron", "auxiliary steaming"

or "underway"; in the case of the latter, the speed and shaft

rpm are also noted. Further identification of the readiness

condition is provided on the back of the form under Item 1.

3.3.1.3 Sound Level Data

This section of the form contains the basic sound level data to

be acquired. Each location to be surveyed is identified under Il
the column called "Measurement Location" with a specific code

number. In the case of the Engine Room-Upper Level, eight such 1
locations have been identified. In order to assure that the

measurements are taken always at the same locations, a floor

plan of each space is provided on the back of the form and each

measurement position is identified by the corresponding code

number. Spaces for the noise measurements, the type of noise

levels measured and comments are provided. Further definitions

and amplifications to the noise data are provided on the back of

the form under Items 2 and 3. The objective, here obviously, is
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1
to assure repeatability of measurements that are made under the

same conditions, in the same location and in the same manner.

Finally, the back of the form contains a machinery line-up.

This information, which is optional to the survey procedure, is

designed as a check of the major machinery items which are

operating in the space at the time of the survey. Large

variability in noise levels from ship to ship or for the same

ship could be explained with this information, by noting if the

same equipment line-up is operating.

3.3.1.4 Personnel Assignment Data

The final entry in the Sound Survey Form is entitled "Personnel

Assignment Data" and deals with the amount of time different
engineering personnel spent at various locations in the

engineering spaces. In other words, the objective of this
section is to acquire data that may be used to establish a

statistical time-motion description of all engineering personnel

work assignments on the ship. The design of the form is based

on the premise that engineering personnel spent their working

hours in one of two job assignments: a) as a watch stander, and

b) as a worker. Thus, during the survey, when an engineering

division person is identified, the surveyor would determine the

closest location in the space at which the operator is standing

and enter the proper measurement location. Then, he would

proceed to question the individual as to his identification

information, such as his billet title and the rate. Finally, he

would determine the particular details of the individual's job

at the time, specifically, the amount of time spent at this

location. For example, if the individual is a watch stander, he

will proceed to identify the length of the watch, and the number

of hours for that assignment will be entered under "watch". If

the individual is performing a work task, say cleaning, the

number of hours that he performs that work at that location will

be entered under "work". Comments are provided for additional

3-9
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data. The back of the form contains a number of definitions of

personnel rates and other support information necessary to

complete The form in the proper manner (see Items 4 through 9).

Further explanations on the actual procedure for the data

acquisition process are provided in the next section on survey

methodology.

3.3.2 Survey Methodology

In support of the noise survey forms discussed in the previous

section a shipboard sound survey procedure was also developed.

The objective of this procedure was to take the user (EPMU

personnel) through a step-by-step procedure on how to use the
noise survey forms and how to acquire the required sound level

and personnel assignment data. Emphasis was placed on the

actual measurement procedure and personnel assignment data

acquistion process. Special survey techniques were developed in
order to ensure that uniform sound level data measurement

procedures would be used by different individuals and different

units within the Navy participating in the program. Attention

was also placed in explaining the personnel assignment data

acquisition process since this type of information is a new

requirement and is not a part of the typical EPMU surveys. The

key to this end is the identification of engineering personnel

and the time spent at the sound measurement location where they

were found. The complete "Shipboard Sound Survey" procedure is

shown in Appendix C.

3.3.3 Special Study Requirements

As was pointed out, the acquisition of data on the operator duty

or personnel assignment for a typical survey would be limited

only to the individuals present in the space during the sound
level survey. No effort should be expended to locate all engi-

neering personnel assigned to each space. This approach, in
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most cases, precludes the identification of all engineering
personnel and certainly the establishment of the entire daily
noise exposure for each individual. Under normal survey condi-

tions, reliance on information from many ships in the same class
is placed to establish statistically valid operator duty
assignments. However, in order to increase the data base

available for this particular study, the EPMU personnel were

also asked to undertake an independent personnel assignment

survey following the routine procedure just described. This
independent personnel assignment survey was designed to

establish the entire day's personnel assignment data for all
engineering personnel on the ship. Thus, although the normal

procedure relied on the statistics of many ships measured to
describe the daily work assignment of various personnel ratings,

this study required a full documentation on the personnel
movements in order to evaluate the accuracy of the method with a

limited data base.

3.4 Experimental Validation of the Data Base

The validation of the analytical noise exposure model and the

data base collected was untertaken through the collection of an
independent set of noise exposure measurements. These measure-

ments were collected concurrently with the acquisition of the
data base through the dosimetry measurements of engineering

personnel. Table 4.1 contains the summary of the ships in which
dosimetry measurements were acquired. Whenever possible the

dosimeter measurements were oriented around the fireman (BT)

rate in order to maximize the amount of data acquired in the
limited sample of individuals, thus allowing us to develop the

proper statistics for comparison purposes.

3.5 Field Data Collection

*This section describes the data collection undertaken during the

field survey part of the program.

! i3-11



r
Report 4735 Bolt Beranek and Newman, Inc.

F 3.5.1 EPMU Briefings

As a kickoff to the data collection process conducted by the two

EPMU units, a one-day briefing was organized both in the San
Diego, California and in the Norfolk, Virginia facilities. A

half-day session on the data collection system procedures and
the sound survey form was organized. In both cases all EPMU

personnel associated with noise level measurements participated.

The objective of these briefings, in addition to explaining the

forms and the procedure, was to acquaint the units with the
objectives of the program and to explain the basic concept of

the analytical model on which it was based. Preliminary plans

for getting access to the ships and potential measurement

schedules were also developed during this period.

3.5.2 Data Collection Problems and Time Delays

The original three-month time assigned for the collection of
data on 12 FF-1052 ships was eventually extended to a period of

over two years. The difficulties encountered in finding and
receiving permission for ship surveys in this class were many.

However the most important ones can be summarized as follows:

1. The selection of the auxiliary steaming operating condi-

tion proved to be a very severe stumbling block. It was

found that ships rarely stayed in that condition for any

extended period of time and thus it was difficult to plan

ahead as to the specific time that condition would be

available. In many cases ships that were due to be sur-

veyed had changed their orders and were either underway

during the date of the survey or the auxiliary steaming

condition could not be maintained for a sufficient length

of time to perform the measurements.
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2. A further problem associated with the auxiliary steaming

operating condition was that when ships were found in that

condition, many of the engineering personnel who would

typically be working in engineering spaces in an underway

mode were assigned to other duties on the ship or were on

leave from the ship.

3. In several cases it was impossible to gain the approval of

the Commanding Officer to perform the survey.

These lengthy time delays created other problems, mostly related

to the continuity of the project as well as to the training of

the EPMU personnel, who in many instances had changed over the

two-year period.

3.5.3 The Dosimeter Measurements

Six of the 12 ships surveyed during this study were also subject

to the independent experimental data validation process using

dosimeters. The objective in all cases was to measure the

actual noise exposure problem for several individuals on the

ship while the noise survey and the personnel assignment survey

were taking place. Typically six individuals could be monitored

at one time and in most cases the selection of these individuals

was intended to be within the same rate or closely related rate

so that a significant statistical sample could be obtained.

These same individuals were later interviewed in terms of their

time spent at different locations, in order to establish the

noise exposure using the model. Table 4.1 has a summary of the

ships in which dosimeter measurements were taken.

The difficulties encountered during the acquisition of the

dosimeter data can be summarized along two lines. First, the

instrumentation used (or available) for this purpose varied over

the two-year span. For example, some of the early data were
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acquired with a 90 dB threshold and a 5 dB exchange rate between

level and time which corresponded to the BU14ED Instr. 6260.6
noise standard in effect at the time when this program was

initiated. Later when the Navy standard changed to the

84 dB/8-hour exposure with a 4 dB exchange rate (DOD Instr.

6055.3) several of the dosimeter measurements were taken with

instrumentation that was set to measure exposure along the new

guidelines. This lack of comparability created several problems

later on when the data were compared from ship to ship.

Secondly, problems were encountered with several of the dosi-

meters malfunctioning during the survey. Although each instru-

ment was checked thoroughly and calibrated before each field

trip, failures due to either instrumentation related problems or

the subject were encountered. The latter was due to individuals

hitting the microphone or the instrument causing.obviously

erroneous readings. This experience seems to reflect the con-

clusions of other dosimetry studies reported in the literature.

The suggested solution is to perform the measurements over

several days and discard the first one or two days under the

assumption that the user will become accustomed to the process.

This approach also allows for data averaging from day-to-day. )

3.5.4 Summary of Ships Surveyed

Table 4.1 shows the summary of all the ships that were surveyed

and the dates of each survey. In one case the same ship was

surveyed twice, this being due to the availability of ships and

the desire to complete the data acquisition procedure as soon as

possible. As was pointed out, although in all cases the noise
level measurements were acquired successfully, the personnel

noise assignment data for some of the ships was limited to the I
number of people that were on the ship at a given time and not

on leave, and also to the number of people that were actually

working or watch standing In the engineering spaces rather than

being assigned to other jobs on the ship.
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3.5.5 Debriefing of EPMUs

At the completion of all the surveys a short debriefing of all

personnel involved in the noise surveys was conducted. This

debriefing also took place after the survey of each ship was

completed, through telephone communication with the people

involved and also by notations provided by them on the results

for each ship. Most of the important questions which needed to

be addressed and which concerned the variability and difficulty

of the survey procedures were answered in these debriefings.

One of the most important factors noted was the time associated

with conducting the surveys. It was found that while more

information was being sought, especially in terms of additional

noise measurements and additional personnel assignment data

requested, the amount of time necessary to complete the survey

was in no way longer than previously experienced by these units.

The reasons for this were twofold: the present surveys were very

systematic in terms of the decision process used by the individ-

ual performing the measurements; and the additional data

requested on personnel assignments were not sufficient to extend

the period of the survey over what had been experienced

previously. On the average between four and six hours were

necessary to complete the cycle.
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4.0 SURVEY RESULTS

4.1 Introduction

Data resulting from the shipboard surveys may be divided into

three categories: A weighted sound level data (Leq - dBA), as a

function of location and ship; personnel assignment data in

terms of hours spent at specified locations for each personnel

category; and dosimetry data which were acquired by instrumenta-

tion attached directly to selected personnel. The sound level

and personnel work assignment data are used to calculate noise

exposure for each personnel category; the dosimetry data give
the noise exposure results directly. Data were collected for

eleven FF1052 Knox class ships (see Table 4-1), all of which

were in port and operating in the auxiliary steaming condition.

One of the ships (FF1097) was surveyed twice to provide a total

of twelve sets of data.

In the following sections the sound level, work assignment and

dosimetry data are summarized; personnel noise exposures are

then calculated using the sound level and work assignment data

first of all and then by using the dosimetry data. Finally,

these noise exposure results are compared with the results

obtained using the dosimeters.

4.2 Summary of Survey Data

4.2.1 Sound Level Data

For each of the twelve sample ships sound level data were re-

corded in each of the twelve engineering spaces in the following

list.

1. Engine room, lower level - ELT

2. Engine room, upper level - EUT
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TABLE 4-I. SUMMARY OF "1052 CLASS (KNOX)

SHIPS SURVEYED BY EPNU UNITS

EPMU DOSIMETRY
NO. SURVEY SHIP DESIGNATION PERFORMING DATA

SURVEY TAKEN

1 2/10/79 FF-1083 USS Cook 5 No

2 2/27/79 FF-1065 USS Stein 5 No

3 2/27/79 FF-1084 USS Candless 2 No

4 3/15/79 FF-1090 USS Ainswortl 2 No

5 4/27/79 FF-1091 USS Miller 2 No

6 5/16/79 FF-1097 USS Moinester 2 No

7 8/09/79 FF-1085 USS Pharris 2 Yes

8 8/09/79 FF-1085 USS Beary 2 Yes

9 2/04/80 FF-1092 USS Hart 2 Yes

10 2/14/80 FF-1081 USS Aylwin 2 Yes --

11 8/27/80 FP-1097 USS Moinester 2 Yes

12 12/14/80 FF-1075 USS Trippe 2 Yes
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3. Engine room, second deck - EST

4. Fire room, lower level - FLT

5. Fire room, upper level - FUT

6. Fire room, second deck - FST

7. Auxiliary room No. 1, lower level - ALT

8. Auxiliary room No. 1, upper level - AUT

9. Auxiliary room No. 2 - XRT

10. Forced draft blower (FDB) room 1A - FAT

11. Forced draft blower (FDB) room 1B - FBT

12. After steering - ST

In each of these engineering spaces, measurements were made on

the twelve sample ships at 3 to 10 personnel locations, provid-

ing a two-way array of data for ship number versus measurement

location, as shown in Table 4-2.

Of interest are the variations in the measured noise levels in

various engineering spaces: (a) among the measurement locations

in a given engineering space, (b) among the ships in the sample

for a given engineering space, and (c) among measurements made

under similar conditions (that is, the measurement or sampling

error).

Conventional two-way analysis of variance calculations [2] were

performed on each of the arrays in Table 4-2 to determine the
variability among measurement locations and ships in terms of

F variables. The computed F values (F comp) for each engineering
space and the corresponding F values for homogeneous data at the
1% level of significance (F0.0 1 ) are presented in Table 4-3.

The variablilty among ships indicates whether or not any varia-

tion in the data is due to inherent differences among ships; if

the variation is below the 1% level of significance then the

implication is that similar variations may be expected if the

same ship were sampled 12 times on different occasions. The
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same reasoning can be used for the location data in the same

space. That is, if the variation among locations is below the 1%

level of significance, then similar results may be expected if

the same location on any particular ship were sampled a number of

times rather than sampling several locations once only; in other

words, there are no inherent differences among locations in the

same space.

Also shown in this table are the standard deviations of the mea-

surements in each engineering space; including all effects due to

variations among both location and ship (st) and the standard

deviation due only to variations from ship to ship in the distri-

bution of noise levels throughout a given space (se).

Note that the results reveal a statistically significant varia-

tion among the measurements on different ships in all twelve

engineering spaces; that is, there are inherent differences among

ships. A statistically significant variation among the measure-

ments at different locations is also indicated for seven of the

twelve engineering spaces; homogeneity among measurement loca-

tions is suggested only for (a) Fire room, lower level,

(b) Auxiliary room No. 1, upper level, (c) FDB room 1A, (d) FDB

room IB, and (e) After steering.

Although there appear to be statistically significant variations

in the measurements from ship to ship and location to location in

most cases, the question remains as to whether these variations

are of practical significance. The standard deviation results in

Table 4-3 address this issue. Specifically, when the variations

in noise levels among measurement locations in a given space and

among ships for a given space, are removed from the total vari-

ability, the remaining variability in the results, as defined by

the standard deviation se, is ionsistently between 2 and 3 dBA

in most of the engineering spaces. The only major exception is

Auxiliary room No.2 where the data are suspect. A weighted

4-9
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average value of se over all engineering spaces is given by

se " nis e1 (4.l)
e i e.

where ni is the number of measurements and Sei is the com-

puted error standard deviation in the ith engineering space, and

n is the total number of measurements. Using the data in
Table 4-1 (excluding the suspicious Auxiliary Room No.2 result),

Eq. 4.1 yields

s e = 2.7 dBA (4.2)

This is the best estimate for the measurement error; (that is,

the standard deviation of measurements which were taken under

similar conditions) and represents the probable error if one ship
and one location in each area were sampled a number of times

instead of sampling 12 ships and several locations only once.
:1

Table 4-3 shows that the overall standard deviation st of the

sampled data in some spaces is less then 1 dBA higher than se,
for example in the engine room upper level and the auxiliary room
no. 1 upper level. This suggests that variations due to exact

location (in a given space) and ship are relatively small for
these spaces; that is, most of the error is attributable to

random sampling error and the total error is only slightly

reduced by sampling several ships and locations in each space

rather than sampling one ship and one location in each space on

several different occasions.

In other engineering areas, however, the overall standard devia-
tion st of the measurements far exceeds Se; for example, in
the FDB rooms and after steering. In most cases, this is due to
large variations from ship to ship rather than among measurement

4-10
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locations in a particular space. In the few cases where there is
a large variation among locations in a particular space, it is

usually due to a single measurement location which is quite
different from all others, for example, ESIW in the engine room

second deck and FUIW in the fire room upper level.

We may conclude the following for the shipboard noise level data:

1. Variations in noise level from location to location are due
partly to inherent differences among locations but primarily

due to random sampling error. That is, the scatter in
results would be almost as large if one location in each

space were sampled several times instead of several locations
being sampled only once.

2. Variations in noise level from ship to ship are due partly to

differences among ships and partly to random sampling error.
The effect of differences among ships is larger than the

effect of differences among locations in a given engineering

space.

3. Noise level variations, both among locations in a particular

engineering space and among ships, are large, as evidenced by
the standard deviation data in Table 4-3.

4.2.2 Personnel Assignment Data

For each of the twelve sample ships, personnel assignment data
were recorded for all personnel who were required to spend some

time in an engineering space while the ship was operating in the
auxiliary steaming condition. For any given personnel grade the

quantity of interest is the variability in both the assignment
locations and the amount of time spent at the assigned locations:i

I
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a) among the 12 ships in the sample, and

b) among personnel on the same ship.

Also of interest is the variability among measurements made

under similar conditions; that is, the random sampling error.

The personnel assignment data were analyzed using a two dimen-

sional analysis of variance on the data in Appendix D. Inspec-

tion of the Appendix D data shows that on a given ship there are
many grades for which no data are available. The data resulting

from the analysis of variance are presented in Table 4-4 in

units of .jours and in terms of F values (see preceding section)

and standard deviations for each personnel grade. The F values
for variations among ships are a measure of the variability from

ship to ship due to inherent differences in each ship. The

results show that out of 26 grades, the variability in the data

for only 8 grades cannot be explained almost entirely by random

sampling errors. Thus for the remaining 18 grades the results

suggest that the scatter in the data would be almost as great if

the same ship were sampled 12 times instead of sampling 12

different ships only once. This implies that the overall vari-
ability in the personnel assignment data is due mainly to random

sampling errors rather than to inherent differences among ships
and may be characterized by the standard deviation of the data

for each personnel grade. The results are included in Table 4-4
and show that the variability is indeed very large.

We may conclude the following for the personnel assignment

data.

1. The variability in the data from ship to ship for most of

the personnel grades is due partly to inherent differences
between ships but primarily to random sampling errors.

That is, the scatter in results would be almost as great

4-12
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I
Table 4-4 Personnel Assignment Data Variability

Personnel No. of F values for varia- Total Standard Deviation
Grade Locs. tions among ships or mean error (hrs)

LCDR 1 insufficient data 0.16
ENS 10 3.17* 0.66
LTJG 15 3.69* 0.28
LT 12 1.27 0.78
ENFN 3 2.14 1.50
EN3 6 3.26* 1.31
EN2 1 insufficient data 0.36
ENI 6 1.41 1.12
EMFA 2 insufficient data 0.14
EMFN 3 insufficient data 1.12
EM3 14 1.16 0.47
EM2 9 1.38 0.51
EMI 5 2.80* 1.27
EMC 4 5.85* 0.65
FR 2 insufficient data 0.90
FA 5 4.70* 1.01
FN 17 2.72' 0.58
MMCS 3 1.44 1.33
MM 2 insufficient data 1.69
MMFR 2 insufficient data 1.44
MMFA 13 1.36 1.79
MMFN 31 0.98 2.14
MM3 34 1.72 1.87
MM2 27 1.36 1.70
MM1 16 1.19 1.95
MMC 11 1.19 1.53
BT 2 insufficient data 1.69
BTFR 10 11.0' 0.91
BTFA 16 1.52 1.62
BTFN 29 1.97 1.69
BT3 25 1.25 1.93
BT2 22 1.58 1.61
BTI 13 0.65 1.74
BTC 8 1.46 1.28

' Statistically significant variation at 1% level of
significance.
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if one ship were sampled several times rather than if 12

different ships were sampled only once.

2. The amount of time assigned to individual locations varies

significantly from ship to ship for a given personnel

grade. This is due primarily to random sampling errors

and partly to inherent differences in the operation of

each ship.

3. Within a given personnel grade on a particular ship there

is a significant variability in both

a) the locations assigned, and

b) the amount of time assigned to each location.

4. The large variability associated with items 2 and 3 above

suggests that we should expect equally large variabilities

in the personnel noise exposure results.

4.2.3 Dosimeter Data

Dosimeter data were collected on six of the twelve sample ships

* at the same time as noise level and personnel assignment data.

Of interest is the variability of the dosimeter data for the

same personnel grade:

a) among the six ships

b) among personnel on the same ship

4-14
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Data were collected for 48 personnel on the following ships:

FF-1094, USS Pharris

FF-1085, USS Beary
FF-1092, USS Hart

FF-1052, USS Aylwin

FF-1097, USS Moinester

FF-1075, USS Trippe

The threshold below which sound energy or noise exposure was not

accumulated was set on the dosimeters to 90 dBA for all ships

except the USS Moinester where it was set to 80 dBA. The

exchange rate between energy and time was set to 5 dBA for the

90 dBA threshold data and 4 dBA for the 80 dBA threshold data.

Due to this variability, all the noise exposures measured using

dosimeters were converted to equivalent sound levels. This

allowed easy comparisons among dosimeter results and between

dosimeter results and equivalent sound levels calculated using

measured sound level data and location assignments for each

individual.

The relationship between daily noise dose (DND) and equivalent

sound level (Leq) is:

DND = 10(Leq- 9 0 )/16.61 = 2(Leq-90)/5 (4.3)

The first step in the statistical evaluations is to determine

whether there is a significant variation in the equivalent sound

level exposure of each grade of personnel from one ship to the

next. The appropriate approach here is an analysis of variance

test of the measurements among various ships, but the data in

Table 4-5 are adequate to perform such a test for only one grade

of personnel, namely, BT3.

I
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Table 4-5. Equivalent Sound Levels from Dosimeter Data

-Fruivalent Sound Level in Aby Shi_

Grade Individual Fn094 FF2085 FF092 FF2052 FF097 FF2075

BTN I 93.3 98.3 91.3

2 96.0 84.8

3 96.3
4 92.4

5 88.8

6 92.2

BTFA 1 88.2 84.3 84.8

2 86.1

BT2 1 87.1 87.2

2 78.0

BT3 1 91.6 85.5 82.8 92.0 90.0 86.6

2 84.1 90.4 93.0 87.5

3 80.8 91.1 95.0

4 89.7 91.0

1 94.8 95.0 90.6
2 91.1 84.0

3 90.1

1 88.1 94.7
2 87.6

3 88.4

BTFR 1 97.9

2 85.1

BT. 1 86.1

MM 1 92.4

MFA 1 88.2 81.3

FN 1 95.0

4-16
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An analysis of variance test was performed on the data for grade

BT3 in Table 1 using conventional procedures [2] with the

following results:

F = 6.66

F0 .0 1 = 6.99

In summary, the computed F value for variations from one ship to

the next falls just below the 99 percentile of the appropriate F

distributions. Hence, a hypothesis of homogeneity would be

accepted at the 1% level of significance; that is, the variation

in the dosimeter data from ship to ship can be explained by

random sampling errors instead of being due to inherent differ-

ences in the operation of each ship.

The analysis of variance studies for the BT3 data show that the

standard deviation of the error (with the small variability

among ships removed) is estimated to be 2.5 dBA. If the vari-

ability among ships is considered to be insignificant for the

other grades as well, then the average standard deviation of all

the measurements for each grade is given in Table 4-6. The

average over all grades is s = 3.9 dBA.

Table 4-6. Standard Deviations of Equivalent Sound Levels

Grade Sample Size Standard Deviation (dBA)

, BTFN 9 4.40

BTFA 4 1. 74
SBT2 3 5.28

BT3 15 4.04
MMFN 6 4.01
MM3 4 3.3 5

1. 4-17
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We may draw the following conclusions for the dosimeter data:

1. The scatter in the results for a given personnel grade is

large (see Table 4-6) and can be attributed mainly to
random sampling error and only slightly to inherent
differences among ships.

2. The variation in the data among personnel in the same

grade is due primarily to differences in location assign-
ments when the ship is in the auxiliary steaming condi-

tion. Some of the variability is also attributable to

random sampling error.

4.3 Noise Exposure Results

The personnel location assignment data were used together with

noise level data to compute noise exposures in terms of daily

noise doses (DND) and equivalent sound levels (Leq) using the

following equations:

DND = + _ + (4.4)
T 1  T 2  TN

Tj= 8/2 (Lj-9 0 ) (4.5)

Lj is the noise level at location J

Cj is the time (in hours) spent at location J

Leq - 16.61 1og0 (DND) + 90 dBA (4.6)

The above equations are based on the OSHA criteria which uses a

90 dBA threshold below which all noise is considered not to
contribute to personnel exposure. A DND of 1.0 is an exposure
of 90 dBA for eight hours per day. The OSHA criteria also calls
for a 5 dBA energy exchange; that is if the sound level is

4-18
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increased to 95 dBA then a DND of 2.0 will be accumulated for an

eight-hour exposure and a DND of 1.0 for a 4-hour exposure.

When personnel are exposed to different sound levels for differ-

ing amounts of time the daily noise dose is calculated using

equations 4.4 and 4.5 and the equivalent sound level (Leq) is

calculated using equation 4.6. The equivalent sound level is

the continuous eight-hour noise level which would produce the

daily noise dose calculated using equations 4.4 and 4.5.

When equations 4.4 through 4.6 were used with the available data

to calculate noise exposures, the results obtained were practi-

cally useless because almost no one was ever exposed to noise

levels in excess of 90 dBA, resulting in DNDs of zero, For this

reason the threshold below which noise is not considered to

contribute to exposure was lowered from 90 dBA to 80 dBA (which

is specified in the most recent Navy regulation). The remaining

parts of the OSHA criterion were left unchanged; that is a DND

of 1.0 is equivalent to eight hours exposure to 90 dBA and the

exchange rate between energy and time is 5 dBA.

Lowering of the threshold also meant that the results were not

as sensitive to small errors in sound level measurements, as

most sound level measurements were above the 80 dBA threshold.

For daily noise doses of zero (when an individual spends his

entire workday in a noise environment below the threshold of
80 dBA) the equivalent sound level is undefined and is repre-

sented in the tables and appendices to follow by asterisks.

Using the 80 dBA threshold, the personnel assignment data and

location noise level data, daily noise doses and equivalent
sound levels were calculated on both individual, grade average

and ship average bases. Results were also calculated for the
above three cases using area average and sub-area average noise

levels as well as individual noise levels. The purpose of these

4-19
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various calculations, which involved different averaging
methods, was threefold: to establish which method provided best

agreement with the dosimeter data; to determine whether or not
it was necessary to consider personnel on an individual basis or

even a grade average basis; and to evaluate the effect of using

space average noise levels rather than individual measurements

for each specified work location.

4.3.1 Personnel Noise Exposure Results using Individual
Location Noise Data

The exposure results included here were calculated with no area

averaging of the sound level data.

4.3.1.1 Individual Personnel Exposure Results

Daily noise doses and equivalent sound levels were calculated

for each individual surveyed on all 12 ships, using individual

location noise data. The data are included in Appendix E and
personnel with daily noige doses greater than one are listed in

Table 4-7.

The table shows considerable scatter in the data. This is to be

expected from the considerable scatter in the personnel assign-

ment data discussed in the previous section. Out of a sample

size of 385, 49 were found to be overexposed, 8 had an exposure

in excess of 200%, and the highest exposure was 428%.

4.3.1.2 Personnel Noise Exposure Averaged by Grade

The individual personnel noise exposure data were averaged to
obtain grade averages for each personnel grade on each ship; the
results are included in Appendix F. Equivalent sound levels
which are undefined (corresponding to a DND of zero) are not

included in the ESL averages; however, DNDs of zero are included

4-20
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in the DND averages. Also, the DND averages represent a logar-

ithmic average of the measured data whereas the ESL averages

represent an arithmetic average; thus a one to one correspon-

dence between the two averages should not be expected. Grades

with average noise exposures in excess of 100% are marked with

an asterisk in Table 4-7.

4.3.2 Personnel Noise Exposure Results using Individual

Location Noise Data Averaged over the 12 Sample Ships

for Each Location

For these results, all noise level measurements for a particular

location in each of the 12 ships were averaged. These average

noise levels were then used with the personnel assignment data

to calculate both individual and grade average noise exposure

results. The grade average results are included in Table 4-8

and the individual results are contained in Appendix G. As

there is considerable scatter in the data from one sample ship

to another, no one sample ship can be used to represent the

class; thus these ship averaged results are useful for the pur-

pose of estimating likely average noise exposures for personnel

working on this class of ship in the auxiliary steaming condi-

tion.

4.3.3 Personnel Noise Exposure Results using Sub-Area

Averages for the Noise Level Data

For the results in this section, noise levels measured at indi-

vidual locations in the same sub-area were averaged on an energy

basis (rather than a dBA basis). The energy basis was chosen as

it gives results similar to those which would be obtained if the
averaging were done on site using a sound level meter. These
average levels were then used together with the personnel

assignment data to calculate noise exposures. The sub-areas
used and the individual locations included in each sub-area are

listed in Table 4-9.

4-22
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Table 4-8. Grade Average Personnel Noise Exposure and Impact

for all 12 Ships: Sound Levels Averaged
at Individual Locations over all 12 Ships

Threshold Level = 80.0 dBA
8-Hr Permissible Level = 90.0 dBA
Exchange Rate = 5 dBA

Grade Grade No. of Sound Level Dailv Noise Dose
Code Description Pers. Mean S.D. Mean S.D.

506 ENFN 2 98.6 0.0 1.65 2.34
503 ENI 5 90.5 5.5 1.28 .68
505 EN3 7 91.3 2.7 1.27 .48
302 FA 3 90.2 9.8 1.02 1.44
403 EMI 3 87.5 7.4 .98 .92
402 EMC 1 88.9 0.0 .85 0.00
208 MT1FR 1 88.7 0.0 .84 0.00
107 BTFA 19 87.5 5.6 .81 .44
106 BTFN 52 87.7 4.7 .79 .42
108 BTFR 5 86.7 5.5 .77 .42
105 BT3 45 86.9 4.6 .68 .51
207 MMFA 13 85.6 4.1 .63 .34
203 M1I1 10 84.7 6.9 .60 .55
206 MMFN 40 84.6 6.0 .60 .38
204 V1M2 26 85.9 4.4 .59 .41
205 Mr13 53 85.5 3.6 .57 .30
202 M1C 5 85.9 1 4.7 .54 .55
209 MM 2 85.1 1.5 .51 i .11
104 BT2 24 85.5 4.3 .47 I .43
603 ENS 5 82.5 4.7 .40 .18
102 BTC 7 83.5 7.3 .40 .45
103 BT1 12 82.2 5.6 .40 .31
301 PN 9 81.8 5.2 .37 .17
504 EN2 1 82.9 0.0 .37 0.00
406 EMFN 3 84.0 2.0 .30 .27
404 EM2 4 80.1 4.6 .29 .19
601 LT 6 77.5 9.7 .29 .42
303 FR 2 79.8 4.8 .27 .17
602 LTJG 8 78.1 5.7 .25 .21
109 BT 2 85.1 0.0 .25 .36

* 405 EM3 6 80.2 3.2 .23 .16
101 BTCM 1 77.1 0.0 .17 0.00
407 EMFA 1 73.9 0.0 .11 0.00

* 210 MMCS 1 72.9 0.0 .09 0.00
604 LDCR 1 **** I** .00 0.00

ALL PERSONNEL 385 85.5 5.0 0.62 0.45

I4
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Table 11-9 Sub-Areas used for Noise Level Averages

Sub-Area Locations Included . -

ELT-Eng. Room, Lower Level ELIB, EL2B, EL3, EL4, EL5,
EL6, EL7

EUT-Eng. Room, Upper Level EUlW, EU2B, EU3, EU4, EU5,
EU6, EU7, EU8

EST-Eng. Room, Second Deck ESIW, ES2, ES3, ES4

FLT-Fire Room, Lower Level FLIW, FL2B, FL3B, FL4, FL5,
FL6, FL7, FL8, FL9, FLi0

FUT-Fire Room, Upper Level FUiW, FU2W, FU3B, FU4, FU5,
FU6, FU7,FU8, FU9, PU10

FST-Fire Room, Second Deck FS1, FS2, FS3

ALT-Aux. Room 1, Lower Level ALl, AL2, AL3, AL4, AL5,
AL6, AL7

AUT-Aux. Room 1, Upper Level AUlB, AU2B, AU3, AU4, AU5,
AU6, AU7, AU8

XRT-Aux. Room 2 X1W, X2, X3, X4W, X5, X6

FAT-FDB Room 1A FAl, FA2, FA3

FBT-FDB Room 1B FBi, FB2, FB3

ST-After Steering SIW, S2B, S3, S4

The purpose of calculating noise exposures with space-averaged

noise levels was to determine whether specifying sub-areas or

general areas rather than exact locations for personnel assign-

ments gives noise exposure results which are just as accurate.
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4.3.3.1 Individual Personnel Exposure Results

Daily noise doses and equivalent sound levels were calculated

for each individual surveyed on all 12 ships, using sub-area

space-average noise levels; that is, personnel assignments for

locations in the same sub-area were allocated the same noise

levels. The data are included in Appendix H and personnel with

da' poise doses greater than one are listed in Table 4-10. It

is clear thtrt.there is still a large amount of scatter in the

the personnel graa6-.ihich are overexposed; however, the amount

of overexposure is reasonb consistent, with daily noise doses

between 1 and 2 for 74 out of the *9,.prsonnel overexposed and

between 2 and 4 for the remainder.

4.3.3.2 Grade Average Personnel Exposure Results

The individual personnel noise exposure data calculated in
4.3.3.1 above were averaged for each personnel grade on each

ship. The detailed results are included in Appendix I. Grades

with average daily noise doses in excess of 1.0 are marked with

an asterisk in Table 4-10.

4.3.4 Personnel Noise Exposure Results Using Noise Data

Averaged over Sub-Areas and all 12 Ships

For these results, noise level measurements in particular sub-

areas (see Table 4-9) in all 12 ships were averaged and then

used with the personnel work assignment data to calculate

individual personnel noise exposures which are included in

Appendix J. The individual results for each grade of personnel

were then averaged to obtain the grade averages which are listed

in Table 4-11.

* r I4-25
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Table 4-11. Personnel Noise Exposure and Impact Grade Averages

for all 12 Ships: Sound Levels Averaged

over Sub-Areas and All 12 Ships

Threshold Level = 80.0 dBA
8-Hr Permissible Level = 90.0 dBA
Exchange Rate = 5 dBA

Grade Grade No. of Sound Level Daily No Le Dose
Code Description Pers. Mean S.D. Mean S.D.

506 ENFN 2 94.4 4.6 2.02 1.20
505 EN3 7 93.2 3.2 1.71 .84
503 ENI 5 93.0 1.9 1.55 .40
302 FA 3 89.3 6.6 1.16 .88
104 BT2 24 89.8 3.6 1.08 .46
108 BTFR 5 88.3 6.8 1.03 .65
403 EM1 3 87.5 7.4 .98 .92
105 BT3 45 89.0 3.6 .97 .45
107 BTFA 19 88.2 5.4 .93 .43
106 BTFN 52 87.8 5.0 .87 .39
402 EMC 1 88.9 0.0 .85 0.00
202 MMC 5 87.6 5.1 .85 .50
208 MMFR 1 88.7 0.0 .84 0.00
103 BT1 12 87.4 5.5 .83 .38
101 BTCM 1 88.0 0.0 .75 0.00
203 MMI 10 87.1 3.4 .73 .30
102 BTC 7 85.4 7.5 .73 .46
210 MMCS 1 87.4 0.0 .70 0.00
205 MM3 53 86.2 3.6 .66 .34
406 EMFN 3 86.1 3.9 .64 .36
206 MMFN 40 85.5 4.8 .64 .37
204 MM2 26 84.8 5.8 .62 .37
109 BT 2 86.3 1.6 .61 .13
603 ENS 5 86.0 1.9 .59 .16
207 MMFA 13 85.2 4.0 .59 .31
301 FN 9 82.9 5.9 .47 .27
209 MM 2 84.4 1.6 .46 .10
601 LT 6 79.7 10.0 .45 .46
404 EM2 4 83.2 4.4 .44 .22
504 EN2 1 81.9 0.0 .33 0.00
602 LTJG 8 78.3 5.8 .26 .22
405 EM3 6 79.0 5.1 .26 .15
303 FR 2 78.4 2.8 .21 .08
407 EMFA 1 74.1 0.0 .21 .08
604 LDCR 1 .00 0.00

ALL PERSONNEL 385 86.5 4.7 0.78 0.41
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4.3.5 Personnel Noise Exposure Results Using General Area

Averages for the Noise Level Data

For the exposure results discussed here, the noise level data

measured in individual locations and sub-areas located in the

same general area were averaged on an energy basis. The general

areas used and the individual locations and sub-areas included

in each are listed in Table 4-12.

Table 4-12 General Areas Used for Noise Level Averages

General Area Locations Included

ERT-Engine Room ELIB, EL2B, EL3, EL4, EL5,
EL6, EL7, EUIW,

EU2B, EU3, EU4, EU5, EU6, EU7,
EU8, ESIW

ES2, ES3, ES4, ELT, EUT, EST

FRT-Fire Room FLIW, FL2B, FL3B, FL4, FL5,
FL6, FLT, FL8, FL9, FL10,
FUIW, FU2W, WU3B, FU4, FU5,
FU6, FU7, FU8, FU9, FUIO,
FS1, FS2, FS3, FLT, FUT, FST

ART-Aux.Room 1 ALl, AL2, AL3, AL4, AL5,AL6,
AL7,

AU2B, AU3, AU4, AU5, AU6, AUT,
AU8, ALT, AUT

XRT-Aux.Room 2 XIW, X2, X3, X4W, X5, X6

FABT-FDB Room IA/IB FAl, FA2, FA3, FBI, FB2, FB3,
FAT, FBT

ST-After Steering S1W, S2B, S3, S4
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4.3.5.1 Individual Personnel Exposure Results

Daily noise doses and equivalent sound levels were calculated

for each individual surveyed on all twelve ships, using general

area space average noise levels; that is, personnel assignments

for locations in the same general area were allocated the same

noise levels which were determined by energy averaging all the

individual measurements in that area. The data are included in

Appendix K and personnel with daily noise doses in excess of one

are listed in Table 4-13. There is still a large amount of

scatter in the data from ship to ship and among personnel in the
same grade. Out of the 99 personnel overexposed, 80 have daily

noise doses between one and two and the remainder have DNDs

between 2 and 4.

4.3.5.2 Grade Average Personnel Exposure Results

The individual noise exposure data calculated in 4.3.5.1 above

were averaged for each personnel grade on each ship. The

detailed results are included in Appendix L. Grades with

average daily noise doses in excess of 1.0 are marked with an

asterisk in Table 4-13.

4.3.6 Personnel Noise Exposure Results Using Noise Levels

Averaged over General Areas and All 12 Ships

For these results, noise level measurements in particular

general areas (see Table 4-12) in all twelve sample ships were

averaged and then used together with the personnel work assign-

ment data to calculate individual noise exposures which are

included in Appendix M. The individual noise exposure results
for each grade of personnel were then averaged to obtain the

grade averages which are listed in Table 4-14.
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Table 4-14. Personnel Noise Exposure and Impact Grade Averages
tor all 12 Ships: Sound Levels Averaged
over General Areas and All 12 Ships

Threshold Level = 80.0 dBA
8-Hr Permissible Level = 90.0 dBA
Exchange Rate = 5 dBA

Grade Grade No. of Sound Level Dailv Noise Dose
Code Description Pers. Mean S.D. Mean S.D.

506 ENFN 2 94.4 4.6 2.02 1.20
505 EN3 7 93.2 3.2 1.71 .84
503 ENI 5 93.0 1.9 1.55 .40
302 FA 3 89.6 6.2 1.17 .86
104 BT2 24 89.5 3.6 1.04 .46
403 EMI 3 87.7 7.4 1.00 .91
105 BT3 45 89.3 3.5 .99 .41
108 BTFR 5 87.5 7.4 .96 .61
106 BTFN 52 88.3 5.2 .94 .43
208 MMFR 1 89.2 0.0 .90 0.00
107 BTFA 19 87.7 5.8 .89 .42
203 MM1 10 88.3 3.6 .87 .39
202 MMC 5 87.7 5.1 .87 .50
402 EMC 1 88.9 0.0 .85 0.00
103 BTI 12 87.6 5.6 .85 .36
101 BTCM 1 88.5 0.0 .82 0.00
205 MM3 53 86.9 3.6 .73 .35
204 MM2 26 86.0 5.2 .70 .42
210 MMCS 1 87.4 0.0 .70 0.00
109 BT 2 87.4 0.0 .70 0.00
206 MMFN 40 86.0 4.9 .69 .39
102 BTC 7 85.1 7.3 .69 .43
207 MMFA 13 86.1 4.1 .66 .35
406 EMFN 3 86.2 3.6 .64 .35
603 ENS 5 86.3 1.5 .61 .14209 MM 2 85.7 1.9 .56 .15
301 FN 9 83.3 6.1 .49 .27
601 LT 6 79.9 10.1 .46 .46
404 EM2 4 83.7 3.4 .45 .19
504 EN2 1 81.9 0.0 .33 0.00
405 EM3 6 79.3 5.4 .28 .17
602 LTJG 8 78.5 5.5 .26 .22
303 FR 2 78.9 3.5 .23 .11
407 EMFA 1 74.1 0.0 .11 0.00
604 LDCR 1 64.1 0.0 .03 0.00I ALL PERSONNEL 385 87.0 4.4 0.82 0.41
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4.4 Summary of Noise Exposure Results

The variability in the personnel noise exposure results among

personnel in the same grade and among ships is dependent upon

the variability in both the sound level data and the personnel

assignment data. The v1riability in both of these quantities

has been discussed in detail in preceding sections and was found

to be relatively large. The personnel noise exposure results

are affected more by the variability in personnel assignmeunt..

data than by the variability in noise level data. As expected,

the large variability in the personnel assi gm nt data leads to

a similarly large variability in the noise exposure data among

personnel in the same grade on the same ship and also among

different ships.

To begin with, noise exposures were calculated for each indivi-

dual sampled on each ship, using specific noise data for each

assigned location. The results showed a considerable amount of

scatter both among ships and among personnel in the same grade

on any given ship. To obtain results which may be used to char-

acterize this type of ship in the auxillary steaming condition,

the equivalent sound level results for all 12 ships were averag-

ed arithmetically for each personnel grade. Additional person-

nel exposure and equivalent sound level calculations were per-

formed using both sub area average and area average noise levels

(obtained by averaging noise level data over specified locations

in each area). The purpose of these calculations was to deter-

mine whether or not the variance in the exposure results would

be reduced and whether or not better agreement would be obtained
with the dosimeter data. This latter subject is addressed more

fully in the next section.

The preceding results showed that sub-area and general area

averaging of the noise levels prior to the exposure calculations
reduced slightly the overall standard deviation of the personnel
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equivalent noise levels (see Tables 11-8, 4-11 and 4-14). "he

same tables showed that the mean equivalent noise level for all

personnel increased slightly as the noise level averaging became

more general. Averaging of noise levels by sub-area had only a

slight effect on the rank ordering of the personnel grades by

exposure; averaging noise levels by general area had a further

slight effect. Grades which were identified as having an

average DND in excess of 1.0 when no noise level averaging was

used were still identified when the noise levels were area

averaged. However, noise level averaging did cause the original

number of personnel grades identified as having an average DND

in excess of 1 to increase from 4 to 6. The total number of

personnel identified as being overexposed when ships and

personnel were considered on an individual basis are listed in

Table 4-15 below.

Table 4-15 Number of Personnel Overexposed Expressed as
a Percentage of the Total Number Surveyed;
Individual Basis, No Noise Level Averaging
Over Ships.

Sub Area General Area
No Averaging Averaging of Averaging of

of Sound Levels Sound Levels Sound Levels

DND in excess of 1.0 12.7% 23.1% 25.7%

DND in excess of 2.0 2.1% 2.9% 3.9%

DND in excess of 3.0 0.8% 1.0% 1.0%

The results in Table 4-15 show that averaging of noise levels

increases the number of personnel identi'ied as being overex-
posed when the exposure data are considered on an individual

*basis.
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When the noise level results are averaged over all 12 ships and
then used to calculate the noise exposures on an individual

basis, the number of personnel identified as being overexposed

increases (see Table 4-16 below). Averaging the noise levels by

sub area further increases the number of personnel identified as

being overexposed; however further averaging of noise levels by

general area has an insignificant effect.

Table 4-16 Number of Personnel Overexposed Expressed as
a Percentage of the Total Number Surveyed
on an Individual Basis -- Location Noise
Levels Averaged over all 12 Ships. __

Sub Area General Area
No Averaging Averaging of Averaging of

of Sound Levels Sound Levels Sound Levels

DND in excess of 1.0 17.7% 28.8% 28.1%

DND in excess of 2.0 1.6% 2.3% 2.3%

DND in excess of 3.0 0.3% 0.3% 0.3%

The first question we need to address is: Which of the results

more truly reflect the noise exposure problem? Clearly the

individual results shown in Table 4-15 are very sensitive to

errors in individual personnel assignment data. When area

averaging of noise levels is used, errors in individual person-

nel assignment data become less important. However, area aver-

aging of noise levels can cause errors when noise environments

of widely differing noise levels are averaged and are shown to

be widely different on a systemmatic basis rather than a random

basis. This latter reason is probably responsible for the

increase in number of personnel overexposed when area averaging

of noise levels is used.
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I
Averaging noise levels for each location over all 12 sample

ships provides a more accurate picture of the noise environment

to which personnel are exposed on average, provided there are no

systemmatic differences between ships -- this was shown to be

the case in Section 4.2.1.

The next question which arises is: Should personnel be averaged

by grade or would an average over all personnel he preferable?

The ship average by grade results for the case of no area

averaging of sound levels are listed in Table 4-8 and show that

where more than one sample existed in the same grade, the

standard deviation in equivalent sound level for these samples

varied from 2.0 to 9.8 dBA, whereas the standard deviation in

equivalent sound levels for all personnel was 5 dBA. Referring

again to Table 4-8 we note that the range of average equivalent

sound level values among different personnel grades with a
sample size of at least 10 is only about 5 dBA and only 3 dBA

for sample sizes greater than 12. On the other hand the

standard deviations for these grades range from 3.6 to 6.9. It

follows that the overlap of equivalent sound level values from

" one grade to another is very large, suggesting that separating

personnel into grades for the exposure computations is not

worthwhile. Instead, all personnel should be combined together,

and average and standard deviations computed for the exposure,

at least when the ships are in the auxiliary steaming condition.

This would require fewer measurements, for similar accuracy,

than if personnel grades are treated separately. Of interest

therefore, is the number of sample ships required and the number

of personnel which should be sampled on each ship to obtain a

given accuracy in the overall mean equivalent sound level, when

the ship is in the auxiliary steaming condition.
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First of all we will estimate the number of ships which should

be sampled to provide +1 dBA, +2 dBA and +3 dBA accuracy for the

average equivalent sound level results. One way of assessing

the variation from ship to ship is in terms of a coefficient of

variation c, given by

£ = six (47)

where s = standard deviation of the sample values from one

ship to another

x = mean value for all ships in the sample.

The coefficients of variation for all three cases for which ESLs
were calculated are listed in Table 4-17 below.

Table 4-17. Coefficients of Variation for ESL Values
for the Sample Ships

Case Description Cc fficient of Variation

No area averaging of
noise level data 0.025

Sub area averaging of
noise level data 0.026

General area averaging of
noise level data 0.029
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The average 90% confidence limits for a given accuracy in

results may be approximated by

90% CL = x(l±tE/Vn) (41.8)

where n is the number of sample ships and

t is the value of the 90% point on the

student t distribution corresponding

to the sample size chosen.

The preceding expression may be used to estimate the number of

sample ships required to obtain a +1 dBA, +2 dBA and +3 dBA

accuracy in the equivalent sound level estimate. These results

are summarized in Table 4-18 below.

Table 4-18. Minimum Number of Ships To Be Sampled for
+3 dBA, +2 dBA and +1 dBA Accuracy in the
Average E1SL Computation.

±3 dBA ±2 dBA ±1 dBA
Case Description Accurac Accuracy Accuracy

No area averaging of
noise level data 3 4 14

Sub area averaging of
noise level data 3 5 15

General area averaging of
noise level data 4 6 18
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A similar calculation may be used to estimate the number of

personnel which must be sampled on each ship to obtain a ±3 dBA,

+2 dBA and +1 dBA accuracy in the average ESL computation. The
coefficients of variation c are calculated using Equation 4.7

for each ship and are listed in Table 4-19. The average value

at the bottom of the table is calculated using

a i=1  (4.9)

Equation 4.8 is then used with E to calculate with 90% con-
av

fidence the average number of personnel to be sampled on each

ship for a +1 dBA, +2 dBA and +3 dBA accuracy in the average ESL

results. The total number of sample personnel required for

+1 dBA, +2 dBA and +3 dBA accuracy in the overall average ESL

results is approximately equal to the product of the value in

Table 4-20 and the corresponding value in Table 4-18.

The results show that sufficient ships and sufficient personnel

on each ship were sampled to obtain a +1.5 dBA accuracy in the

overall average equivalent sound level estimate; better results

would be obtained by sampling more personnel on each ship and

less ships.

Thus we can conclude with 90% confidence that the overall

average equivalent sound level estimate of 85.5 dBA is within

1.5 dBA of the true value. However the variation among person-

nel is large, as indicated by the standard deviation value of

5 dBA for the case of no area averaging of the sound level

results. The maximum variation around the mean was measured at

+15 dBA.
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Table 41-19. Coefficients of Variation for ESL Values
for Personnel in Each of the 12 Sample Ships

General Area
Ship No Averaging Sub Area Averaging Averaging of
Number of Sound Levels of Sound Levels Sound Levels

FF-1083
USS Cook 0.079 0.60 0.052

FF- 1065
USS Stein 0.069 0.054 0.096

FF-1085
USS Candless 0.108 0.083 0.80

FF-1090
USS Ainsworth 0.062 0.052 0.054

FF-1091
USS Miller 0.071 0.0147 0.0149

FF-1097
USS Moinester 0.079 0.066 0.60

FF-10914
USS Pharris 0.072 0.063 0.063

FF-1085
USS Beary 0.058 0.059 0.057

FF-1092
USS Hart 0.086 0.071 0.192

FF-1081
USS Aylwin 0.0143 0.0147 0.039

FF-1097
USS Moinester 0.071 0.091 0.60

FF-1075
USS Trippe 0.0145 0.029 0.035

OVERALL c 0.072 0.062 0.o81
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The preceding statistical analyses were based on equivalent

sound levels rather than daily noise doses. However any

conclusions can be applied equally well to the daily noise dose

data.

Table 4-20. Minimum Number of Personnel To Be Sampled
on Each Ship for +3 dBA, +2 dBA and +1 dBA
Accuracy in the Average ESL Computation.

±3 dBA ±2 dBA ±1 dBA
Case Description Accuracy Accuracy Accuracy

No area averaging of
noise level data 13 26 100

Sub area averaging of
noise level data 10 20 74

General area averaging of
noise level data 16 34 130

4.5 Comparison of Dosimetry Data with Calculated Noise

Exposure Data

The dosimeter data for 37 specific personnel were directly 71

identified with computer calculations of their ESL exposure (the

other 12 personnel producing dosimeter data could not be identi-

fied with specific calculations because of inadequate records of

their locations). Comparisons between the dosimeter data and

computer calculated ESL and DND data were then made in the

following categories.

4
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1. Using the 37 individuals with directly matched dosimeter

data and computer calculations, the differences between the

dosimeter and computer equivalent sound levels were

calculated using compute. calculations based upon:

(a) sound levels at individual locations,

(b) average sound levels on each level of each engineering

area (subarea average), and

(c) average sound levels in each engineering area (general

area average)

2. Using the 48 individuals for which dosimeter data are

available, the individuals were pooled by grade and the

average dosimeter reading for each grade was computed. The

differences between the grade averaged dosimeter data and

similar computer model averages were calculated using

computer calculations based upon:

(a) sound levels at individual locations on individual

ships,

(b) sound levels at individual locations averaged over all

12 ships,

(c) average sound levels on each level of each engineering

area on individual ships,

(d) average sound levels on each level of each engineering

area averaged over all ships,

(e) average sound levels in each engineering area on

individual ships, and
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(f) average sound levels in each engineering area averaged
over all ships.

The differences computed in the above comparisons were reduced

to a mean and standard deviation by

n n V

n Fd i n1 Fa(X1-(4-10)
n i

where xi  difference between the dosimeter ESL and the

corresponding computer predicted ESL.

The results of the comparison studies are summarized in

Table 4-21.

The detailed results are included in Appendix N.

The best agreement between the noise exposure calculations and

the dosimeter data is expected when comparisons are made on an

individual basis, using noise levels with no area averaging. L
The data in Table 4-21 shows that this is not so. The main

reason for the discrepancies is lack of accuracy in the defini-

tion of an individual's location assignments and the amount of

time spent in each. This lack of accuracy shows up particularly

when an individual spends most of his time in a relatively quiet

environment and occasionally spends a small amount of time in a

noisy environment. In this case a small error in location

assignment is magnified tremendously in the daily noise dose and

equivalent sound level results leading to large errors in these

quantities. These large errors are particularly apparent in

several cases where the discrepancy between the calculated ESL

and the dosimeter data exceeds 10 dBA. It is clear in future
that personnel need to be questioned more closely to obtain a

more accurate picture of their location assignments and times.
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One way of reducing the need for accurate location and assign-

ment time data is to average noise levels over sub areas (or

levels) or average noise levels over general areas (see Tables

4-9 and 4-12 respectively for locations which are included in

each average). As can be seen in Table 4-21 this noise level

averaging procedure significantly reduces the average difference

between the dosimeter results and the calculated ESL results.

However the standard deviation is not significantly reduced,

indicating that a similar scatter in the difference on an

individual basis still exists. Note that the general area

average offers no improvement over the sub area average.

The effect of averaging results over grades before taking the

difference between the dosimeter data and calculated ESL data is

also shown in Table 4-21. It can be seen that when the results

are considered on a ship-by-ship basis the average difference

(or error) is smaller than when the data for all 12 sample ships

are averaged before taking the difference; however the standard

deviation (or scatter in results for individual grades) does not

change significantly. The effect of averaging noise levels over

sub areas and general areas is also shown in the table for the

grade average results. The average error (or difference)
decreases as the noise levels are averaged on a broader basis.

However the standard deviation (or scatter) in the results does

not change significantly.

We may conclude the following for the dosimeter and calculated

ESL data comparisons.

1. The differences between the calculated ESL data and

dosimeter data are large and may be attributed mainly to

-rrors In both the location assignments and assignment

•a-v location for individual personnel. When

. . .r- i,- r1rerences in location noise levels,

... q, 1antittes lead to large errors in
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Table 4-21. Summary of Equivalent Sound Level
Data Comparisons

Grouping of Data ESL Error Data, dBA

Sample Mean Standard
Personnel Locations Ships Size Error Deviation

Individual Individual Individual 37 4.0 7.3

Subarea
Average Individual 37 0.1 5.9

Area
Average Individual 37 0.7 5.8

Grade
Average Individual Individual 22 2.1 6.3

Average 11 5.7 4.2

Subarea Individual 22 0.8 5.9
Average

Average 11 2.1 4.5

Area Individual 22 0.3 5.9
Average _

Average 11 1.9 4.1
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the calculated ESL, particularly when an individual spends

the majority of his time in a quiet area. Some

differences may also be attributable to intermittent

noise, such as metal to metal impacts or shouting by the

wearer, being accumulated by the dosimeter but not taken

into account in the calculated data.

2. Averaging noise levels over sub areas reduces the average

difference or mean error but does not reduce the standard

deviation or large scatter in the individual differences.

3. Averaging noise levels over general areas rather than sub

areas offers no significant improvement.

4. Averaging data for personnel grades or averaging over

ships does not improve the results.

-4-45
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5.0 STRUCTURE OF SHIPBOARD NOISE DATA MANAGEMENT SYSTEM

5.1 Summary of Results and Model Limitations

The proposed means of validating the data management system was
to compare dosimetry data with noise exposure results calculated

from location noise level data and personnel assignment data for

Knox Class ships operating in the auxiliary steaming condition.

These comparisons were made first of all on an individual basis,

with no area averaging of the noise level data for the purposes

of calculating the exposures. Most of the discrepancies between

the dosimetry data and the calculated data can be attributed to

the following factors:

(a) The personnel assignment data were not sufficiently

accurate, especially when personnel were assigned to quiet

locations for long periods of time and occasionally spent

time in noisy locations.

(b) The calculation procedure does not take into account such

things as conversation or shouting and possible

intermittent banging of tools on hard surfaces.

(c) The dosimeter data may be inaccurate due to the close
location of the microphones with respect to the personnel

carrying them.

(d) Measured noise levels were very close to the 'reshold

level of 90 dBA below which exposure was not accumulated.

Thus small variations in noise level produced large

variations in the dosimeter data. This problem was

somewhat alleviated for the noise exposure calculations
(from the sound level and assignment data) by using an

80 dBA threshold.

I
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In an attempt to reduce the difference error between dosimeter

data and calculated ESLs, noise level data were averaged over

sub areas or levels (see Table 4-9). This reduced the average

difference between dosimeter results and calculated results to

an insignificant amount, but the variations on an individual

basis were still large, as indicated by the large numbers for

the standard deviation in Table 4-19. Further averaging of the

noise levels over general areas produced no reduction in the

average difference (or error) or the standard deviation.

The choice of the auxiliary steaming condition for validation of

the model was not a good one for the following reasons:

(a) Not all personnel were on board ship during the survey

times.

(b) Description of duties for personnel within a particular

grade or rate varied enormously with no clear cut trends.

(c) Noise levels were close to the 90 dBA threshold level.

(d) It was difficult to find ships in this condition and to

schedule noise surveys as explained in Section 3. s.

An additional problem which led to some confusion during the

data collection was the regulation change from the BMIED Instr.

6260.6b criteria to the new DOD Instr. 6055.3 criteria of 80 dBA

threshold, an energy-time exchange rate of 4 dBA per halving or

doubling of the exposure time and an allowable 8-hour exposure

of 84 dBA.

5.2 Recomendations for Further Validations

Due to the problems outlined in the previous section, the auxil-

iary steaming condition was not suitable for validating the
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model. For this reason we suggest a further series of validat-

ing measurements, to be made on ships in the underway condition.

There are several advantages to doing this as follows:

1. Personnel work assignments are expected to be more uniform

on a daily basis and personnel in the same grade are

expected to have duties which are more alike.

2. Noise levels will be higher and the threshold level will

be 80 dBA, corresponding to the new DOD instruction; this

will alleviate the problem of noise levels close to the

threshold level which can cause large errors in exposure

calculations for small errors in noise level measurement.

Also any errors in the dosimeter threshold will become

unimportant.

3. It should be easier to obtain the required amount of data

in a relatively short time due to the lack of difficulty

expected in finding ships in this condition.

4. All personnel are expected to be present on the ship and

should be easier for the survey personnel to find.

The results for the auxiliary steaming condition showed that

little benefit was gained by separating individuals into grades

or rates and some significant benefit was gained by averaging

noise levels in the same sub area (see Table 4-9). However,

this may not be so when the ship is in the underway condition.

Thus, at least during the validation procedure, we recommend

keeping personnel separated into grades and no area averaging of

Cnoise levels.
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5.3 Conclusions and Recommendations

A review of the objectives of this study can be summarized as

follows:

1. Data acquisition procedurees, consistent with the require-

ments of the personnel noise exposure model, were develop-

ed.

2. These procedures were successfully adapted to current Navy

(EPMU) procedures for noise data collection. It was shown

that the medical units not only can accurately collect

this type of information but that the time required com-

pares favorably with present procedures.

3. The training and equipment available to the EPMU's is

sufficient to permit the new data acquisition techniques

to be implemented at all EPMU locations.

4. The accuracy of noise exposure predictions, using the

model and the data base collected, is inconclusive. The

reasons for the disagreement found are discussed in

Section 5.1; the major one being the selection of the

"auxiliary steaming" operational mode to validate the

model. It is believed that an analysis conducted
"underway" on this same class of ships would yield more

significant results.

5. The results of the analysis point out that for ship opera-

tional conditions where the personnel noise exposure is at

or very near to threshold small errors in the "personnel

assignment" data parameter may result in large prediction
errors. The methodology of how this data parameter is

collected in the field to increase its accuracy needs to

be reviewed so that the accuracy can be improved.
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!
The apparent problem concerning the validity of noise exposure

j data management system and indicated by the preceding results is

that personnel noise exposure may not be calculated accurately

for some ship operating modes, i.e. auxiliary steaming. This

conclusion may be modified, to some extent, if the corrective

actions discussed under Item 5 are developed and implemented.

However, it should be noted that the noise problem for this

4condition was limited to only 2.6% of the personnel surveyed
when the mean noise dose is considered (see Tables 4.8, 4.11 and
4.14). Thus, the importance of this operational mode to the

yearly individual noise exposure (when the exposure and time

spent for all other operational modes is included) most probably

will not be very substantial. It should be noted that this

conclusion may not be true for all ship classes.

, Finally, the preceding results and analysis showed that the

personnel grade description was inconsequential to the noise

exposure picture. That is, no specific personnel grade could be

identified as being more exposed to noise than another (rank-

ordering of grades by exposure). The ability to distinguish

among grades is believed to be important in comparison with

audiometric data as part of the general objectives of the data

management system. The inability to distinguish among grades in

terms of noise exposure in the preceding analysis is attribut-
able to the use for a data base of the auxiliary steaming condi-

tion where only a small percentage of personnel are overexposed.

This result is not expected to be representative of the average

conditions on board ship, as Reference 1 shows that a large

percentage of engineering personnel are overexposed on a yearly

basis.

It is believed that the evaluation of the underway operational

mode will not only result in substantially higher percentages of

personnel being overexposed (and to a larger degree) but also in

a more structured work pattern where grade rankordering

according to exposure will be identified.

5-5



Report 4735 Bolt Beranek and Newman, Inc.

6.0 REFERENCES

I. B. A. Kugler, et al, "Occupational Noise Exposure on FF-1052

(Knox) and DD-963 (Spruance) Class Ships"; Bolt Beranek and

Newman Report No. 3410, January 1977.

2. I. Guttman, S. S. Wilks and J. S. Hunter, Introductory

Engineering Statistics, 2nd ed., John Wiley, New York, 1971.

I6
o6-



S ECURITY CLASSIFICATION OF THIS PAGE (When DOS SeawM4_ ______________

REPORT DOCUMtENTATION PAGE __________________

IREPORT NUMBER IL*VT ACCESSION NO:2 RECIPIENT'S CATALOG NUMBER

4. TIL (mo S.lW 1 TYPE OF REPORT 41 PIKIP00 COVERED

N)ISE MMWUE DM AOWIS=TIM FP=M=_ __ __ _

/ 6. PERFORMING ORG. REPORT NUMBER

7. AUHR@3. CONTRA1 oft GRANT NUMSER(d)
ANRaB. Andrew Kugler

Colin H. Hansen N,'0014-78-C-0408
Allan G. Piersol

9. PERFORMING ORGANIZATION %AMR AND ADDRESS 10. PROGA EMENT, PROJECT, TASK
Bolt Brnkand Nemman Inc. AREA &WORK UNIT NUMBERS

21120 Vanowen Street,P.O. Box 633
* ~Canoga Park, CA 91303____________
I I. CONTROLLING OFFICE NAUS AND ADDRESS 13. REPORT CATS
Naval Medical Research & Development Co dnd -JL-Nareli-zff
National Naval Medical Center 12. NUMGER OF PAGES
Bethesda, Maryland 20014 7A +4 172 Ap;1gndirpsi

14. MONITORING AGENCY NAME9 a AVORESS(II 4XflSF60I &GS Cmk.ISrn Off190) I. SECURITY CLASS. (of Oled ropel)
Office of Naval Research Unclassified
Department of the Navy INDOGADG
800 N. Quincy Street 5cIcko L 9IIC
Arlington, VA 22217____________

16. DISTRIBUTION STATEMENT (of able. Report)

17. DISTRIBUTION STATEMENT (of Noe abemi anfmev in 91.0 20.1041108 a t km0 Repels)

III. SUPPLEMENTARY NOTES

19. KEY WORDS (Cainimea vee OdwI it OW0.0iM -d hunUd' by 110 * b)

Shipboard Noise Exposure
Hearing Conservation
Modeling
Noise Measurements

2. ABSTRACT (Comn I a, ,mo .~ aide 016841 4011em mE NN &Vst , 010 w)
This study is concerned with the development and validation of a
shipboard noise exposure data acquisition procedure. This pro-
cedure represents a first step in the overall framework for aNavy Noise Exposure Data Management System which is discussed inthe text, The immediate purpose of this data collection process

be used by various Navy units concerned with occupational noiseand hearina conservation- _ThLAta i .Ant-A ihanp yaha
DD ORM 7 provie for INvistnd azs

JA 7 SAH 0102.L04I460.4OIYCASIIAINO 
"1 PU11e o o



SICURITY CLA iFICATION OF THIS PAGE (1ha, Dae 3woe

-L'ized, can be used in concert with the shipboard noise exposure
model developed in an earlier study [1 to assess the magni-
tude of the overexposure problem on individual ships, ship
classes and ultimately the entire fleet. The benefits of this
approach are guidance in the development of hearing conserva-
tion and educational programs, and in the assessment of noise
control priorities in the fleet. Future extensions of the data
management system include:

1. The assessment of audiometric data together with the noise
exposure data as a function of personnel rates and,

2. Extension of the system capabilities to other occupational
hazards such as heat stress.

The results of this study, which was conducted on 12 ships of
the FF-1052 (Knox) Class, showed that standardized measurement
techniques consistent with the requirements of the data base
can be successfully collected by Navy personnel (Environmental
Preventative Medical Units). Both the time required to per-
form each survey and the quality of the data collected by the
EPMUs meet with the original goals of the study.

The validation of the data base was conducted based on the
analysis of the "auxiliary steaming" operational mode of 12
ships. Noise exposures for various engineering rates were
computed using the analytic model and compared with an inde-
pendent data set collected using dosimetry. The results of
direct comparisons show substantial discrepancies. These are
due mostly to a lack of consistent definition in the personnel
assignment data and the proximity of the calculated noise ex-
posures to the threshold established by the BUMED noise stan-
dard. In retrospect, the selection of the "Auxiliary steaming'
operational mode was unfortunate in the validation effort. It
is believed that comparisons for an "underway" operational
mode would yield significantly more consistent results.

It is recommended that a limited validation of the "underway"
mode be conducted. Furthermore, it is recommended that the
data base be computerized, at least for the FF-1052 (Knox)
Class and that all EPMUs utilize the data acquisition pro-
cedures when surveying this class.
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APPENDIX A

THE OCCUPATIONAL NOISE EXPOSURE & ASSESSMENT MODEL

This appendix contains the outline of the noise exposure and
assessment model developed in Reference [1]. It is presented
here for completeness and as a reference to the additional
utility of the data base in addition to the computation of
personnel noise exposure.

1.
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APPENDIX A

A. OCCUPATIONAL NOISE EXPOSURE AND ITS CONTROL --

AN ASSESSMENT MODEL

This chapter presents a discussion of the data base requirements

and the sequential steps necessary to evaluate and quantify the
noise exposure problem on board surface vessels. The assessment
model also explores the acoustic data base and steps necessary
to evaluate the noise reduction requirements for equipment in
order to meet a specific procedure that may be used to evaluate
the state-of-the-art in noise control technology on board ships
and the costs associated with the implementation of this tech-

nology.

The intent was to develop a model, general enough to evaluate

the noise exposure problem on any ship class in the U. S. Navy,
and to provide a sequential procedure for the assessment of the

noise control alternatives and costs. The parametric organiza-

tion of the data base allows for a quick evaluation of personnel

noise exposure problem in the face of present as well as any
future standard. The data base also has the flexibility to be

easily expanded by the addition of more information as it be-

comes available to the Navy, thus providing for a more accurate

assessment.

A.l A Model for Noise Exposure Evaluation

This section presents an overview of the general model that will
be used to compute the noise exposure problem in shipboard

spaces and will discuss the data base requirements necessary to

utilize the model.

The need for a model stems from the fact that personnel noise
exposure is a quantity which requires the understanding of
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several variables; not all of which are noise oriented. For

example, since noise exposure is a time weighted quantity

(according to DOD/BUMED), it is necessary to know not only the

given noise level at a given location but also how that level

changes as a function of the ship's operational characteristics.

Furthermore, since personnel noise expousre is time and location

dependent, it is necessary to obtain a relationship between crew

time and location assignments and the noise levels generated by

the different ship conditions.

The data base requirements for a personnel noise exposure evalu-

ation are as follows:

(1) Ship operational characteristics

(2) Personnel work assignments

(3) Airborne noise data

The following discussion explores these parameters in terms of

the model and shows they interact for the computation of noise

exposure.

A.1.1 Ship Operational Characteristics

Occupational noise criteria are based on the assumption that

exposure levels are repetitive, day in and day out, over long

periods of times; for example, a number of years. This condi-
tion, of course, does not hold true in the Navy since each ship

goes through a number of operational characteristics from cruis-

ing conditions to at-dock conditions in the course of a year.

Each one of these operational conditions is characterized by
different noise levels, especially in the engineering spaces

since the number of on-line pieces of equipment needed under
different conditions varies.
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The objective of the ship class operational characteristic

parameter is the definition of operational modes which can be

considered constant. This will allow the computation of person-

nel noise exposures which are unique to a specific ship opera-

tional mode. For the purposes of this program we will define an

operational mode as a ship condition for which the machinery

line-ups in each engineering space and the personnel assignments

of the crew can be considered constant. In other words, an

operational mode means that the noise level at a specific loca-

tion is closely related to specific machinery line-up and can be

considered constant at that location. Furthermore, it means

that the personnel working in the engineering spaces go through

typical routines that may be considered nearly constant for that

operational mode.

The manner in which naval ships operate varies depending on

their mission. In that sense, each vessel proceeds through a

number of assignments in the course of a year from at-dock

conditions, where the vessel is stationary and only a limited

number of equipment is operational, to underway conditions which

require it to steam under a variety of speeds. Each speed or

range of speeds may be associated, in principle, with the opera-

tion of a specific machinery line-up, especially in the propul-

sion system area. It should be recognized, however, that within

a ship's class, the operational characteristics and machinery

line-up may vary to some degree.

Since, as was pointed out, noise levels within the engineering

spaces vary as a function of machinery line-up (equipment

operating for a specific condition), it is necessary to describe

the ship operational history as a function of time. Moreover,

it is desirable to associate a specific machine line-up with

each operational mode. Finally, in order to describe a ship

class, it is necessary to evaluate how the operational history

and machinery line-up vary within the class. This will permit
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an assessment of the variability within the class and, in fact,

will allow to determine if a typical operational history can be

chosen to describe the class. The preceding discussion leads to
the following data base requirements necessary to describe the

ship class operational characteristics:

(1) Ship operational history where the amount of time spent i
at-dock and underway is specified for at least a one-year
period.

(2) A definition of the machinery line-up (on the average)

when the ship is operating in each of the above two

modes. It is expected that more than one machinery

line-up may exist within each mode (i.e., cold iron and
auxiliary steaming at-dock). This will necessitate the

definition of a number of sub-modes, which may be char-

acterized by a specific machinery line-up. For example,

when underway, it is conceivable that machinery line-up
will have a relationship with speed ranges of the ship.

(3) In order to develop an understanding of the mode or

sub-mode variability within a ship class the above

parameters are required for more than one ship within the
class. The number of vessels required for the class

evaluation will depend largely on the variability found

from ship to ship so that a statistically valid sample

may be examined.

The above data wili be used to develop a quantitative descrip-

tion of a ship class operational characteristics. The following

relationships will be evaluated and computed:

(1) The definition of a ship's "typical time history year"

where the percentage of time spent within each mode or

sub-mode is quantified (i.e., 20% of the time at cold
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iron, 10% of the time steaming between 10 and 15 knots,

etc.).

(2) The definition of the "typical time history year" vari-

ability within the class. This will allow to assess the
probability of sub-mode occurrence and confidence limits
associated with the assumptions for typical operations.
Ideally, it is desirable to introduce statistics into the

evaluation by computing the mean and the standard devia-
tion for each mode or sub-mode of operation (i.e., the

mean time spent at cold iron sub-mode is 20% with a
standard deviation of 5%). This approach will allow to

Judge if "typical ship class operational history" is in-
deed quantifiable and define the limits associated with

the description.

(3) The definition of "typical ship class machinery line-up"

within a mode or sub-mode and the variability found in
the class. The machinery line-up must be specified

separately for each engineering space considered. It is
expected that certain variability in this parameter will

be found from ship to ship. The definition of the "typi-
cal ship class machinery line-up" will be obtained

slmilarly to the "typical time history year" by evaluat-
ing the statistics associated with the ship's class

operation.

In summary, the operational modes and sub-modes will define the

ship operating conditions for which the noise levels in differ-

ent engineering spaces and the operator assignments in those
spaces can be considered constant or are predictable on a

jtwenty-four hour basis. Furthermore, the variability of these

operational modes for a specific ship and across ship class will[also result from this evaluation.
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A.1.2 Noise Exposure Model

A "hazard" can be defined as a physical effect which has an
adverse impact on the health or safety of individuals in the
work environment. In the case of shipboard environments two

typical potential hazards are noise and heat stress. Each one
of these hazards will have an adverse effect on the health or
safety of personnel if they are exposed to the hazard for

extended periods of time or the magnitude of the hazard is

excessive.

It might be generalized that many health standards, developed to
Judge the acceptability of a hazard are written in terms of two
parameters: time and magnitude. In other words, an operator

may safely withstand a certain level of a hazard for a specified
amount of time without adverse effects. In general, the magni-

tude of the hazard is related to the exposure time to the

hazard. The longer the exposure time, the lower the allowable
magnitude of the hazard. Time and magnitude, therefore, are the
two parameters which specify the permissible exposure to a

hazard which, in the Judgement of a health standard, is consid-
ered permissible. j

Let us now address the problem of the data base requited to [
evaluate the magnitude of a hazard on man. In the present case
the hazard is excessive noise. As specified in the data base
requirements of Section A.1, in addition to ship operational
characteristics, the two inputs necessary for the computation of
noise exposure are personnel work assignments and airborne noise
data. Airborne noise is given by the physical phenomena which
can be readily measured in terms of sound pressure level.
Associated with the acoustical measurement is the location at
which the measurement Is acquired. Therefore, the description
of the noise hazard can be accomplished by describing two

A
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variables: the mannitude* of the noise and the location at
*which the noise was measured. The description of the hazard

does not require any additional parameters to the magnitude and

location and can be considered constant for the same operational

mode or sub-mode.

The second requirement of the data base is the description of

the personnel work assignments. Since by definition, the word
"exposure" implies that an individual is exposed to the hazard,

it is necessry to quantify where and for how long this exposure
takes place. Therefore, the duty or personnel work assignment

input has two variables: time and location.

Figure A.1 depicts the general arrangement of the noise exposure
model. The two basic inputs to the calculation of personnel
noise exposure; the personnel work assignment or duty in terms

of time and location and the noise level, in terms of location

and magnitude are identified for each operational mode or

sub-mode. The dependent variable in the data base is

"location": the magnitude of noise at a specific location and
the amount of time the individual spends at the location. The

independent variables are of course time and magnitude. Both
the BUMED Inst. 6260.6 and the DOD Inst. 6055.5 are formulated
in this manner. The former is as follows:

16T= 2 (L-80)/4 (1)

where L is the measured noise level at the operation location in

dB(A) and is the allowable time of exposure to level L in

hours.

' Since most noise standards are written in terms of the
A-weighted sound pressure levels (dBA), the magnitude of the
noise is the only necessary physical descriptor of the pheno-
mena. Implied in the descriptor is a frequency weighting of the
noise spectrum which allows to describe the entire audio fre-
quency range with a single number.

A-7
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f6 Per Operational Mode or Sub-Mode

MAN -HAZARD
MAN HAZARD EFFECT RELATION

Tim DUTY NOISE NOISE CRITERIA

Time and Location Location and Magnitude Time and Magnitude

RELATIONSHIP BETWEEN IDUTY AND NOISE

Time and Magnitude I
Met of I Limit
Computation Statement

CALCULATION OF PERSONNELNOISE DOSE

Single Number Descriptor

CALLOWABLE IEXESSIVE

Results ItSFE:PRBE-I-D

FIGURE A. 1 DEFINITION OF NOISE EXPOSURE PROBLEM
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The knowledge of these two data inputs allows us to develop the

relationship between the duty of the operator and the hazard;

this relationship being a function of time and magnitude as

follows:

I j =I ij f(Ljc j) (2)

where I is the ith Individual at the Jth location, L is the

level in dBA at location J and Cij is the time spent (in hours)

by the ith individual at location J. The subscript J refers to

the number of spatial locations considered from 1 to m and the

subscript i refers to the number of individuals being evaluated

from I to n.

The development of the relationship between duty and noise is

the most important and difficult step in the noise exposure

problem. Once this relationship has been established, any

man-hazard effect standard can be quickly evaluated and com-

puted.

A few notes of interest. In principle, the noise level data

base should be given on a point by point basis. Similarly, the

data base for the duty or personnel work assignment should be

done on an individual by individual basis. In practice, this is

not only impossible but under most conditions, not necessary.

For example, the spatial description of noise can be associated

I with an area; the size of the area will depend on the fluctua-

tions in the noise levels and the accuracy required. In some

cases, this may mean a quarter of the space in question or even

1- the entire space may be described by a single noise level. In

the case of personnel assignment, it is possible to associate

I.. duty with a Job description or rank which is common to a number

of individuals. These groupings will depend on the variability

of Job assignments, accuracy required and the ability to predict

personnel movements over the long term. In deciding on the

[
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above groupings and generalizations, it is important to remember
that the model is intended to describe and analyze the noise

exposure problem of an entire ship class. In that sense, aver-
aging techniques in the spatial description of noise level and

grouping techniques in the description of personnel assignment

are not only valid but desirable. This will simplify the extent

of the data base requirements provided that statistical techni-
ques are used to describe the-mean and variability of each

descriptor so that, in the end, a meaningful assessment of the

accuracy and confidence limits for the personnel exposure pre-

dictions can be made.

Furthermore, it should be noted that once the relationship

between duty and noise has been established, the information can
be updated and refined by any future new information available

about one of the above two descriptors. For example, the per-
sonnel work assignment data base for a fireman may be described

in terms of the number of hours spend at each different location
within the engine room based on the information acquired for the

group on two ships. The statistics of the data base will pro-
vide the confidence limits for that descriptor. If information

on the duty assignment for that group is available later for

three or more other ships, the confidence limits for the des-

criptor will be obviously improved. The same reasoning applies
to the description of the spatial noise levels. V

The relationship between duty and noise may now be used to
calculate the personnel noise exposure dose as outlined in
Figure A.1. In the case of the DOD standard, the relationship

formulated in Eq. (1) may be used to define the fractional noise

dose Cr) as follows:

Cf U(3)
ij Tij
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where Tij is the maximum allowable time (in hours) permissible
by the standard at the noise level L . The fractional noise
dose is constant for the same operational mode.

The computation of the Daily Noise Dose (di) follows directly

from the fractional noise dose equations by using the relation-

ship:

Cm m
d Cl + C2+ . + 'm (4)

i Til Ti2  Tim l i)

This calculation results in a single number descriptor which can

be compared to the limit statement in the standard to ascertain

exceedance or non-exceedance of allowable limits.

The major results that can be drawn from the computation of the

daily noise dose are:

(1) Identification of the number of engineering space

personnel exposed to excessive noise levels: This is

done on a space by space basis. For example, if we

assume that there are eight operators assigned to the
engine room, the results will show-that for the cruising

mode, between 10 and 20 knots, six of these individuals

will have exposures in excess of the present OSHA noise

regulation and two are in compliance with the standard.

(2) Definition of the magnitude of exceedance and the ability

to rank order personnel by noise exposure: An example of
this is the same six individuals found over exposed above

but now the noise exposure levels for each individual can
be rank ordered according to magnitude.

A-i1L
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(3) Ability to evaluate, on a comparative basis, the effect

of two or more noise standards: An example of this is

comparing the BUMED regulation versus the new DOD noise
regulation. In this case, using the example of the

engine room we might find that according to the BUMED

standard only six individuals have excessive noise

exposures and in the case of the new DOD standard, all

eight individuals have a problem.

(l) Ability to evaluate the noise problem on an operational

mode by mode basis: For example, when in port, under

auxiliary steaming, only three individuals may have

exposures in excess of the Navy standard. On the other

hand, when underway, at 25 knots, seven out of the eight

individuals may have an excessive noise exposure. This

information, together with the knowledge of percent of
time that the ship class spends in each operational mode,

may be used to Judge the importance of each mode on the
overall noise exposure problem of the class.

In summary, the procedure suggested in Figure A.1 allows for not

only the computation of the daily noise exposure for a given

operating mode but also for the assessment of the differences in
noise exposure among various standards and operational modes.

A.2 A Model for Noise Reduction Evaluation

This section describes the analysis necessary to define the
overall noise reduction requirements in each engineering space

based on the personnel noise expsosure results. Furthermore, it
describes the sequential steps and data base necessary to

establish the contribution of individual noise sources (equip-

ment) to the overall noise at a given location and the defini-

* tion of individual source noise reduction requirements.
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The analysis of the noise exposure problem is done through the

use of fractional noise dose data developed as a result of the

relationship between duty and noise discussed in the previous

section. The objective of this procedure is to identify the

minimum noise reduction requirements (ALa) at each location as a

function of the total noise exposure problem (not simply noise

levels) in an optimum manner. The sequential analysis is shown
in Figure A.2. The analysis is limited to individuals who have

been identified as having an excessive daily noise exposure

dose, dk. This operation is defined by the first entry in

Figure A.2 where the individuals with excessive noise exposures
are classified as follows:

Ik = Ik(dk > 1.0) (5)

where k is a sub-set of I from 1 to L.

First of all, the fractional noise doses, (f k are organized in

array form together with the daily noise dose (dk) as follows:

Locations
- d k

I 1 2 3. . . n

f 21 f 1 f fI d2

: . . . .

f_ it, f_ 2 f " ftm d -t

This presentation summarizes all of the daily noise dose infor-

mation and shows the contribution of each location to the daily

V, noise dose. It is desirable to classify these locations accord-

ing to their contribution to the noise exposure problem. This

is accomplished through the calculation of the Priority Index

(PI) as shown in Figure A.2. First of all, we define the

Partial Priority (PP) as:
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I Identification of Excessive1
Noise Exposure

Fractional Noise Dose
Analysis

Priority Index1
Computation

Rank Order the Personnel
Noise Exposure Problem

L~Iterative Process to Determine
Noise Reduction Reqm's

Rankorder the Overall Noise
Reduction Required at Each

Location

A dBAJ

FIGURE A.2 ANALYSIS OF NOISE EXPOSURE

A-14



Report 4735 Bolt Beranek and Newman, Inc.

T kj-I) when fkJ - (dk - 1)
(PP) kJ (6)

I when fkJ (dk - 1)

As described by the equation, the Partial Priority is the ratio

of the fractional noise dose to the excess daily noise dose.

The ratio indicates the fraction of overexposure that would be

eliminated from the individual's daily noise dose if the noise

level at location J was reduced to the threshold level for the

exposure time.

Using Equation (6) the fractional noise dose array may be con-

verted into a Partial Priority array as shown below:

Locations dkman - dk
1 2 3 . . . m

1 PP11  PP1 2  PP1 3  PPm d,

2 PP21  PP22 PP2 PP M d 2

£ PP£1  PP £2 PPis PPm di

(PPI I  PIa PI PIm

The sum of all individual partial priorities at a given location

is defined as the Priority Index (PI) as follows:

!(PI)i ( ' PP) kj (7)

* -k-I

S. The (PI)j indicator provides a ranking of each area according to
where the most reduction in excess noise exposure (not simply

j noise exposure) could be achieved for the most people. The

distribution of (PI)j also provides a quick assessment of the

II A-15- .-I x- ~ w ~ .- .- -
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relative importance of one location versus another and in that
sense serves as a gauge in identifying the "hot spots" which
contribute most to overexposure.

Twa factors of note about the (PI) indicator. Firstly, the
maximum value of (PI)j is one times the number of overexposed
individuals considered (lxk). For example, if 5 individuals are
considered, the maximum value of PI = 5. The significance of
obtaining the maximum rating at a given location is that by
reducing the noise level at that location to the standard, all
individuals considered would be in compliance. In other words,

the reduction of the noise level from the measured to the
standard (90 dBA for OSHA) at that location will bring the

exposure of all individuals to the maximum permissible or below
without any controls at other locations regardless of level.

Secondly, if more than one individual is considered in each
category k (the individual was defined previously as one person
or a group of people performing the same work routine), the
(PI) indicator may be very simply modified to include a weight-
ing factor that will reflect this case. The required modifica- J
tion includes the addition of a factor N to Equation (6) as

follows: ii
(= Nk . fk when f <j (d k -1) (8)

a Nk when fkj > (dk " 1)

where Nk is the number of individuals in category k. This
change will also modify the maximum value of (PI)j from (lxP,)
to:

Maximum (PI) N (9)
k-l
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In practical cases, the PI indicator is seldom equal to the

maximum. In this case, the distribution of PI values allows to
rank order the problem areas by location as was pointed out
previously. However, the final objective is to evaluate the

magnitude of noise reduction that is required at each location

to meet a standard. The optimum method to compute the magnitude

of noise reduction required is by an iterative process using the

PI ranking indicator.

The method calls for reducing the noise level of the highest PI

indicator in 1 dB steps until the PI indicator is reduced in
magnitude to below the second highest. The operation is repeat-

ed until no daily noise dose(s) in excess of the standard are
left (i.e., dk 1 1.0). Each iteration involves the following

steps:

(1) Reduce the noise level, (L) by 1 dB at the location with

the highest Plmax .

(2) Compute the new allowable exposure time, (C) for the new

level (L - 1) dBA.

(3) Compute the new fractional noise dose (f) for all

individuals affected by this location.

(4) Compute the reduced daily noise dose, (d ) for all

individuals affected by this location.

(5) Re-compute the PI for all locations. Note that by
- changing the magnitude of dk, the values of all (PP)kJ

are modified. The resulting effect is the reduction of

the PI indicator at the location with (L -1) dBA and the
increase of the PI indicator at all other locations.
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(6) Repeat the operation until all dk values are equal to or

less than 1. Note as individual values of dk become

unity or less, the corresponding values of fk in the

array become zero and are excluded from further compu-

tation.

The result of this operation will provide the minimum amount of

noise reduction required at each location that will result in

compliance with a standard. This method also optimizes the

procedure of assigning noise reduction requirements at each

location from the individual's excess noise exposure point of

view. The magnitude of noise reduction at each location (ex-

pressed in dBA) may now be rank ordered as shown in Figure A.2.

The analysis of the noise exposure problem resulted in the

development of noise reduction requirements, AdBj, for each area

or location without specifying which sources of noise would

require noise reduction. The sequential procedure designed to

evaluate the individual equipment noise reduction is shown in

Figure A.3.0

Before we enter into the discussion of equipment noise reduction

requirements it must be noted that no simplistic procedure for

this step Is possible since, for the case where two or more

sources contribute excessively to the noise level at a location,

an infinite number of source noise reduction combinations is

possible. Furthermore, the assignment of noise reduction to a

specific equipment item generally must be weighted with some

engineering Judgement as to the feasibility and practicality of

* Note that in addition to the magnitude, the noise reduction
requirement retains the statistics associated with the original
noise level. For example, a reduction requirement of 10 dB is
computed for a location whose mean noise level was described as
95.0 dBA with a standard deviation ( ) of 2.0 dB. Therefore, a
noise reduction requirement of 14.0 dB (10 + 2 ) would assure
that 95% of the ships within the class would meet the standard
at that location.
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achieving the desired reduction. Finally, we must recognize the
economic trade-off value by weighting the reduction of one
machine versus another. For example, often it Is more expedient
and cost-effective to require a substantially higher reduction
of one item over another although the noise level contribution

of both may be the same. With these facts in mind, the follow-
Ing procedure is presented as a guide rather than a strict
methodolomy.

First of all, it is necesary to know which equipment items or
equipment components contribute to the noise level at the loca-
tion of interest. In other words, what is the noise level, in
terms of magnitude and frequency, that may be associated with
each equipment item. This requirement defines the need for a
second type of acoustic data base. The objectives for develop-
ing the data base are to describe the noise environment in terms
of the individual components and their paths of propagation.

The analysis of the noise environment is very often a compli-
cated problem, especially in a shipboard situation due to the
number of sources that must be considered and the complexity of
the space within which the noise is propagated. Two approaches
are possible:

(1) Diagnostic Noise Data: This method relies on a systema-
tic data base accumulation in which individual pieces of
equipment are operated, one by one, and their contribu-

tion at different locations within the engineering space
is measured simultaneously. The procedure requires not
only sophisticated measurement techniques, but many
repetitive measurements before confidence limits to
different locations across the class can be established.
Information typically is presented in dBA and in octave
bands or third octave bands of frequency. Narrow band
data and equipment noise radiation characteristics are
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sometimes also available. In addition to the acoustic
data the operational characteristics of the ship and

machinery under which the test was performed must also be
well documented.

(2) Analytic Approach: This approach relies on a measurement

or estimation of Sound Power Level (PWL) for each source

and a propagation model that will allow the prediction of

the sound pressure level (SPL) of the source as a func-

tion of frequency at any specific location in the com-

partment. Due to the very complex reflection and the
diffraction environment common to machinery dense

engineering spaces, this methodology may only have a
limited application to the Navy noise problem under the

present state-of-the-art.

Using the diagnostic noise data, the noise levels at location J

are reconstructed in terms of the individual contributors as

shown in Figure A.3. Based on the overall noise reduction
requirements, the individual equipment noise reductions are

computed in terms of magnitude and frequency.

Note that the knowledge of the contribution of individual equip-

ment items to the overall noise environment at a location may be

used to compute the effect of an individual control on the per-
sonnel noise exposure problem. That is, if we assume that a 15

dBA control is available for the gear train, then this informa-

tion may be used to recompute the noise levels at all locations

affected by this item. Then the procedure indicated in Figure

A.1 is repeated. This action allows for a quick "cause -

r" effect" assessment of controlling this equipment item on all

personnel affected and provides a tool for individual equipment

noise control trade-off analysis.

A2
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2.4 A Model for Cost Estimation of Noise Control

In the previous sections the assessment of personnel.noise
exposure and individual noise reduction requirements for equip-

ment responsible for excessive noise levels was discussed. This
section will dwell on the aspect of noise control alternatives
that can be introduced to mitigate the noise problem and with

the evaluation of noise control costs. Figure A.4 shows the

sequential steps suggested to arrive at the estimate of noise Li
control costs.

First of all, the figure shows the individual source noise

reduction requirements that were developed in the previous
analysis. These requirements are given for each piece of

equipment in terms of magnitude and frequency.

The noise reduction requirements can now be addressed in terms
of noise control technology which can be applied to the Navy
environment. The noise control technology represents the third
type of data base required in the model.

The purpose of the noise control data base is to identify the

type and quantify the performance of noise reduction systems
that may be applied to existing sources of excessive noise.

This includes a description of the physical characteristics of
the control measure, its mode of application and installation,

and the expected or measured noise reduction performance. The
noise control techniques fall naturally Into two groups:

(1) Proven Noise Controls: This group includes successful

noise control treatments that are documented by their
performance history from Navy applications. The objec-
tive here is to list all of the noise control measures

that have been successfully developed and implemented In
shipboard environments. Data such as the type of
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treatment, configuration, description of its application,
and the amount of the noise reduction achieved through

the application are required in this portion of the data
base.

(2) Conceptual Noise Controls: This group includes noise

control treatments used in other than Navy applications
or noise control concepts which have not yet been proven
successful in shipboard environments. These measures may
take the form of:

a) Retrofit Controls: This generally refers to systems

that contain the noise near the source, i.e. enclo-
sures, partial barriers, damping, etc.

b) Modifications: This generally refers to replacement
of maghine parts with quieter ones or the addition of
noise control components.

c) Replacement of Sources: This generally means replac-

Ing noisy equipment units with quieter versions.

d) Space Treatment: This generally means acoustic
absorbtive treatment of the space boundaries with the
objective to reduce the reverberant noise level con-

tribution.

The assessment of these conceptual noise control alterna-
tives must be made in line with the operational, safety
and maintenance requirements of the engineering spaces in

which the Installation must be made. In that sense, some
of the shipboard operational constraints are taken into

account at this stage, even though no performance history
is available for the controls.
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The final design of the conceptual noise control alternatives
into proven noise controls acceptable in shipboard environments

must, in many cases, go through a developmental phase which may
be construed as new noise control applications. The new noise

control applications may take the form of a demonstration pro-

gram where potential noise controls are implemented on a vessel

and the performance history of the design is monitored.

Both proven noise controls and conceptual noise control alterna-

tives are now the subject of cost estimates. The cost of noise

control represents the fourth and last type of data base requir-

ed in the model. The purpose of the cost data base is to iden-

tify the cost of hardware, implementation and maintenance of

each noise control measure.

The cost data base for the proven noise control techniques are

acquired from the experience gained in the installations.' Here
variability due to the method of installation (using Navy per-

sonnel, civilian Navy shipyard personnel or outside contractors)

may be evaluated and be the subject of statistical treatment if

appropriate. No such experience exists for the conceptual noise

controls since these have not been implemented on Navy vessels

and the cost of hardware, implementation and maintenance must

necessarily be only a first order estimate. It is recommended

that shipyard estimators be used for that purpose and an average
value from three or more sources used.

The cost of noise control data base may now be used to arrive at
1the total cost of noise control for each vessel and the class

based on the noise reduction requirements of a specific stand-

V ard. The procedure allows for the development of a number of

cost trade-off analyses; the two most prominent being:

j(1) The determination of the absolute and relative costs of

compliance between two or more noise standards. For
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example, the cost of compliance with-present DOD
standard.

(2) The cost-benefit analysis of individual noise controls
where the number of individuals in compliance as a result ii
of the implementation of a control may be assessed on its
own merits or versus another control. -

The above analysis may be used to develop budgetary estimates
for appropriation requests and to assist in defining those noise

sources which are most critical from the standpoint of potential
hearing damage.

Li
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FFlos2 as SOUND SURVEY FORM Pap 1 of 12

JDE GENERAL INFORMATION CODE OPERATING CONDITIONS

Ship's Class FF1052 KNOX Readiness M Cond. 10 Cond. I1I10

Space Surveyed Engine Rm. Lower Level Cond.iVOCond. VO

Ship's Name Operating Mode

Survey Date I I (a) In-Port Cold Iron 1-

Time of Day Aux. Steaming 0
Inspected by (b) Underway Speed _ kts

Meter Type Shaft rpm

Serial Number

SOUND LEVEL DATA

LOC. MEAS. dBA INTER@ COMMENTS LOC. MEAS. dBA INTER. COMMENTS
CODE LOC. 7 CODE LOC. 7

ELIB , EL6

EL2B EL7

EL3
EL4

EL5

PERSONNEL ASSIGNMENT DATA

LOC. MEAS. BILLET RATE( WEAR0 WATCH ( 
HRS./DAY AT LOC.) COMMENTS)

CODE LOC. TITLE PROT. STAND
? WORK WATCH

RL4



FF1062 Cla
SPACE: Engine Rm. Lower Levl

MACHINERY LINE-UP EOPTIONAL)

ManS~igT&Tlpa- COO!J DESCRIPTION

A~aifl L~lr Do* Main Reduction Gear )
nmk Main Condensate Pump I A

Tra. um Main Condensate PumpIB
Fire Pump N'o. 3

Main LO. Say. PUMP Main Condensate Circulation Pump No. I
__ Main L.O. Service Pump 1A

f-I MainMain L.O. Service Pump 18B4w Cite.LO. Purifier No.1I
Distillate Feed Pump No.1I

\L ~ a L .m' 'IO Distillate Feed Pump No. 2
Tank a SwineDrainage Eductor

Ship__4 Emergency F.D. Transfer Pump

MM Mans Ma Chie v A 1 isase ondenrlChatr

FGO FieaFirteoe idfne h ondgnrtdb
LTC BoPuilier TedrhatrCieowahnr ~chI yldo n ofedrgtai
WoT k Bier it T endr C8 ls ag lcutosinni ees(oeta Ul

BT2 Boile Tedr 2e ClsUP 1 aeet hudb sdtont alymcieyo n te
8T3 Boiler Ted.3dCas S tablenconmaberneleorn

LTF B.Soirane r Fi0.StremnBuualnieevrnetathmaseetc-
Tank 02 Tankon.

MMCS Machinist Mate -Sheio Che M (13 Ww m? nud. o I theeldval rearin esna ern
MMI Machinist Mate - at Class A protectIon?" suc Watie seaiprermfs heugi
MM2 Machinist Mate - 2nd Class AMod V-Pssi tS~nn
MM3 Machinist Mate,- 3rd Class A Con9 Ves -th Ste -forate *niiha ac sedro ac
MMFN Machinist Mate - Fireman A la .?Sad o I h tielvlItritn? h u

FN Fieman ti mark01 rwiresa ask o "n proprlInte-



FF1052 Clms SOUND SURVEY FORM Pop. 2f 12

'ODE GENERAL INFORMATION CODE OPERATING CONDITIONS

Ship's Class FF1052 KNOX Readiness (D Cond. I0 Cond. I1110
Space Surveyed Engine Rm., Upper Level Conci.IVOCon. VO
Ship's Name Operating Mode
Survey Date I I(a) In-Port Cold Iron 0
Time of Day Aux. Steaming 0
Inspected by (b) Underway Speed ___kts
Meter Type Shaft - -- rpm

____ Serial Number____________________ ___ _________

_____ ____ SOUND LEVEL DATA ___________

LOC. MEAS. dBA INTERM! COMMENTS LOC. MEAS. dBA INTER. COMMENTS
CODE LOC. ?CODE LOC.

EU1W ___EU6 __ ________

EU2B ___ EU7_____________

EU3 ___EUS ___ _________

PERSONNEL ASSIGNMENT DATA

LOC. MEAS.D BILLET RATES WEARG WATCHO MRS./DAY AT LOC.0 COMM ENTS41

rCODE LOC. TITLE 
PROT. STAND 

-



FF1052 Clan17SPACE: Engine Room - Upper Le"g

A/_CndWte _ -/CCod.Waer MACHINERY LINE-UP (OPTIONAL)
Chl & tcvr. Chile &t*r CODE DESCRIPTION

A/C C.W.
Circ. PuiiPc=~' Main Reduction Gear/H.P. Turbine/L.P. Turbine

Distilling Plant No. I
02~V Distilling Plant No. 2

A/ LO. Strainer
V.L. Main Condensate Circulation Pump

E3 Main Condensate Air Ejector
L. 0 StrinerMai C0111-1 17Air Conditioning Compressor No. 1

Circ PWPLJAir Conditioning Compressor No. 2
r inpm 'o H. P. A/C Chilled Water Circulation Pump No. 1

G I TrbineA/C Chilled Water Circulation Pump No. 2EU7 #I

~I~hn
L. P. 5

urigGerP~lne9 m aw

M IV MaPns ae n la A1ad V eceieSemn
M 7 Mahnt MIe-r ls ACn.VIio

BTC Mahoier tee- MarChief A ma1evsCnary edIh . yerl ared nadoren asI
SMI Macie~nisdae- st Class ABo II - Wwluctuatlauningosivllota~3l
BT2 Bohier ter 2nd Clas A C)CmeSoud IV-hee tonte wty cin er ran te
BT3 Bohie tee- 3rd Class B Coedr tht b In-Portonmabersoileorn
STFN Bohie te Fireman A o.utnsa fois e nitlev ntrmtten? Thuemesc-

ETM Elericiende Maste Chief B ne) flaiLe ner h Is led meandsuadremintsybo vinI
ETI ElericiandMat- st Class B M flctualatio thn Inileels pomitn 5 Fipir).
EM2 Elerica aen -2nd Class E Case Shoul Ener ued tonorte fabreiainer or show other
EM3 Elerica aen - 3rd Class 6 persone rhate by ; ins e.oi maye retnder. fir Cas
EMFN Elerica aen - Fireman E unsa oi nioneta a oer.tn oa

MMCS Mletchin Mae -Se~Chief M (Ill) s WW L Ene? tner the nd o ve worn persol whearing
MI Mlectriin Mate - I1st Clas E prctdo he ssapusosition (we. Th ue.
MM2 Maecticin Mate - 2nd Clas E ma Etr Indirequres en aeaiono asowonth

MMCS Machinist Maue -Snrd Css M (7) Weak ta? Stanck for "is the indivdekW wtch sne or haratc

stander traine?. The queionmark 071 requites aMMFN Machinist Mate - Firemen M "Wes or ..no". on~.
FN Fireman M ® ID at Leg. Enter the onber of hours Ito dees % hour) that th,

Inidividual woks at loealon. If anrw is "vet" toa)
ente number of hours spent a a wa stander at lo

(3) Cemmees Shouldheuedto' desIe work task whten apata.
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FF1062 m SOUND SURVEY FORM p. 3of 12

;ODE GENERAL INFORMATION CODE OPERATING CONDITIONS

Ship's Class FF1052 KNOX Readiness (D Cond. 1D Cond. II10

Space Surveyed Engine Rm. - 2nd Dock Cond. IVOCond. V 0

Ship's Name Operating Mode

Survey Date I I (a) In-Port Cold Iron 0

Time of Day Aux. Steaming 0

Inspected by (b) Underway Speed _ kts

Meter Type Shaft - rpm

Serial Number

SOUND LEVEL DATA

LOC. MEAS. daA INTER(® COMMENTS G) LOC. MEAS. dBA INTER. COMMENTS
CODE LOC. 7 CODE LOC. 7

ESIW

ES2 _

ES 3 _

ES 4

PERSONNEL ASSIGNMENT DATA

LOC. MEAS.4 BILLET RATES WEAR4 WATCHO HRS.IDAY AT LOC.0 COMMENTSO
CODE LOC. TITLE PROT. STAND

7 ? WORK WATCH

I
9- I



FF102 Clse; PACE: Engine Rm. - 2nd Deck
MACHINERY LINE-UP (OPTIONALI J

CODEJ DESCRIPTION Owdil I

Vent Supply Fan No. 1I
Vent Supply Fan No. 2

hop.

Main 19"utiofi 0
Gem 8CesIer

1;7--- 
B

Vent Sumply D
Fem #2

Diilng 2 Dsil

IND 97

DEFINITION OF PERSONNEL RATES DEFINITIONS & AMPLIFICATIONS

RATE RATE DESCRIPTION DIVISION

MMC Machinist Mate - Chief A 1) m pe. Cond. I - General Quarters
MMI Machinist Mate - st Claus A Cond. III -Wftrtimo Steaming
MM2 Machinist Mate - 2nd ams A Cond. IV - Peacetime StemmIng
MM3 Machinist Mate.- 3rd ass A Cond. V -In~bot
MMFN Machinist Mate - Fireman A lowIsi.? Sends for "Is the noise level inrtten t?" The ques
FN Fireman A don markc (7) nequiree a "yes" or "no* eninr. Inter-

mIttnt noise Is defined am the sound genereted by
BTCM Boiler Tender.- Master Chief B mochinsty which is cycled on end off and results In
BT1 Boiler Tender. - st Class B large flutats Ini 11045 levele Inote then 5 dBA).

BT2 Boiler Tender - 2nd Class B ()Covvamet Should be wsed to note faulty machinery or any other
BT3 BilerTendr - 3d Clss Bfactor that, by Inspection . nmo be. remonlilsl for en

BT3N Boiler Tender -3FrdeCasn uwuiel nolus evIvronmeont at the meesourement loce-

EMC Electrician Mae Chief E 11) Noua, Log. Enter the sound leel wmeurireent cymbol vAlch is
EMI Eletician Mete -1lt Clan E locetedeloe1e to the individual's position loge Figure).
EM2 Eloeican Mate, 2nd Clans E D Rae Ene " ,0 a~* ti 0 ghon on the
EM3 Electician Mate -3rd Class E persNne rate uWl; Ls. 111oileir Tender. First Cless-
EMFN. Electrician Mate. Fireman E MITI.
MMCS Machinist Mate - Senior Chief M (i)Wan f Irt Stands for "it the bidbvidual wowilng pers oloern

prvotectlon?"wmah unwlukpor enrmfti.The question
MM1 Machinist Mate - I1st Clan M mark 0?) requies an "yee or "no" mew.
MM2 Machinist Mate.- 2nd Clan M ~ ahlmd ad o SteIdeelavutsadroevtl

MM3 Machinist Mate - 3rd Class M &And ~ Iil~s?~ toe dosto muk reiea

MMFN Machinist Mate- Fireman M "yWs or "no" oewer.
FN Fi1eman M 1 '1JAky OR Les. Inter the onmber of hour Itenst x hour tha t t.

lndeldel '- rte at loatin. if ear is 'yes to*
Nit nowles of hour set n a 't tNde at Is-.

Q)Commnt IhoulIns ed to devilg vsict fosk ulie Wp amrlate.



FF1052 CI- SOUND SURVEY FORM Pag4of 12

.ODE GENERAL INFORMATION CODE OPERATING CONDITIONS

Ship's Class FF1052 KNOX Readiness ( Cond. I0 Cond. II10

Space Surveyed Fire Rm. - Lower Level Cond. IVOCond. VO

Ship's Name Operating Mode

Survey Date / I (a) In-Port Cold Iron 0
Time of Day Aux. Steaming 0
Inspected by (b) Underway Speed _ kts
Meter Type Shaft - rpm
Serial Number Prairie Masker On 0 Off 0

SOUND LEVEL DATA
LOC. MEAS. dBA INTER(2) COMMENTS LOC. MEAS. IiBA INTER. COMMENTS

CODE LOC. ? CODE LOC. ?

FL1W FL6

FL2B3 FL7 I

FL3B FL8 

FL4 FL9 _

FL5 FL10

PERSONNEL ASSIGNMENT DATA

LOC. MEAS.4 BILLET RATES WEAR WATCH HRS./DAY AT LOC.0 COMMENTSO
CODE LOC. TITLE PROT. STAND

- - ? WORK WATCH

II



FF1052 Clan
SPACE: Fire Rm. - Lower LW*l

MACHINERY LINE-UP (OPTIONAL)

CODEJ DESCRIPTION
To.Ipho. HNOW

fir .- Mai .Im Boiler No. I A
~* [~J ~Sw. hPs Boiler No. IBPSpl

Trunk up,% Main Fuel Oil Service Pm
flFe pu . Main Fuel Oil Service Pump I8

LI Main Feed Boaster Pump I A
Main Feed Booster Pump 1B

C3 Main Feed Booster Pump I C
FL Fire Pump No. 2

Prairie Masker Air Compressor No. 1 A
Prairie Masker Air Compressor No. 1B

q Boiler Port Use Fuel Oil Service Pump
W. is N. IA PtabeWater Pump 1lA

IA - Potable Water Pump 1 B
A Drainage Eductor

Air ConP. IIsj*s1 7

SerClooning lesnch

IIND 79g

DEFINITION OF PERSONNEL RATES DEFINITIONS &. AMPLIFICATIONS

RATE RATE DESCRIPTION DIVISION

MMC -Machinist Mate - Chief A (j) Reeines; Cond. I - Oeneal Gearser
MM1 Machinist Mate, 1st 0mas A Cond. IIIl- W11artimne Stesming
MM2 Machinist Mate -2nd Clan A Cond. IV - Pacoee Stomming
MM3 Machinist Mawe.- 3rd Class A Cond. V.- In-Port
MMFN Machinist Mate - Fireman A (ID lowe.? Staids for "Is te noise level In termtnt?" The ques-
FN Fireman A don mark 4) nwines a "Yee' or "no" ase. 1mm'-

mnt no~isefined as the sound peeted by
(TCM Boiler Tender.- Master Chief B machInery which is cycleod oan wd off end resuts in

PC V1 Boiler Tender - 1st Class B lye fluctuations In noie leovs Inmot than 5 d8A).
BT2 Boiler Tender - 2nd Class B OD Cemmeet Should be* used to note fwlty midilnery or any othe
BT3 Boiler Tender - 3rd Class B fao tha. byv Inspection. may be rMonslb' for an
BT Bo'Ie Tender - Fireman B nusua noise environent at the measurnement lace-

- F g or tion.
EMCz flectrician Mate - Chief E QD Us eL Enter the sound leMe mneewrelnsumt symbol oftlcth is
EMI Electrician Mate - 1st Class E Inocatdlose o the Inlvdel psiio se Ppr,). I
EM2 Electrician Mate - 2nd Class E (f aeEnter Wndividuoals rate abbisulestion a ton on the
EM3 Electrician Mate - 3rd Class E pesaonel rate ble; i.e. Boiler Tender. First Clas-.
EMFN. Electrician Mae - Fireman E 111.

MMCS Machinist Mate - Senior Chief M WMa PMet I Slandii for -is the Individwal wearig peona ern
MMI Macinit Mte- Ist las Mprotetlonr'Nsashe arplu or eairmffs. The qesetion

MM1 Machinist Mate - 1st Class M ark-I M? reqsm an "yes"or "notawse.

MM3 Machinist Mate -3rd Class M (2 G ite ts or straIee?". d Th quet o i-d rq~ ao
MMFNde Machinist. Mate Firetion wor 0y1erorino maMM2N Machinist Mate -n Clrean M Waisiord .."s~~M.. e a mbmdeora

enter number of haors IIIa a wosh stander at Ia

(I) Ce~e~te Should he used to dmerib wos-crk~ vwent* ppropriate.



FF1052 Clas SOUND SURVEY FORM POPm 5 of 12

.ODE GENERAL INFORMATION CODE OPERATING CONDITIONS

Ship's Class FF1052 KNOX Readiness Cond. 10 Cond. I1I10
Space Surveyed FiR.-UerLelCond.IV0Cond. VO
Ship's Name Operating Mode
Survey Date II(a) In-Port Cold Iron 0
Time of Day Aux. Steaming 0
Inspected by (b) Underway Speed ...... kts
Meter Type Shaft -rpm
Serial Number __________Prairie Masker On 0 Off 0

_____ ____ SOUND LEVEL DATA___ ________

LOC. MEAS. dBA INTER®2 COMMENTS (3) LOC. MEAS. dIA INTER. COMMENTS
CODE LOC. ? CODE LOC.7

ELUlW PU6 _________

FU2W __ __F7_______

PU 4__ _ _ _ _ _ _P 9 __ ___ _ _ _ _ _ _

PERSONNEL ASSIGNMENT DATA

LOC. MEAS.D BILLET RATES WEAR1 WATCHO HRS./DAY AT LOC.O COMMENTS*
CODE LOC. TITLE PROT. STAND

7 ? WORK WATCH



FF1052 Clasn
PACE: Fire Rm. - Upper Lmr,

M HINERY LINE-UP 1OPTIONAL)

CODEJ DESCRIPTION ON I,/l

13 Boiler IlB
C&iomMan FoodPump IA-,'

Main Feed Pump IB
Main FoodPump ICe-V

Bole ItDola I
5HD 95 SH00 7

___ ___ __ ___ __ ___ ___ _____ __ ___ ___ __ ___ __

E EIITO OFPRONLRTE EIIIN &APIIAIN

FAE RT ECITO 1VSO

MMCn Mahiis Mae-Che p Wat
mp1 achnt IaeitCasACe. I rk Ssmn

MM2L Mahis s Maupn ls od I.PesiaSsmn

MM3 Machinist Mate.- 3Class A Cond. VI -ortlOr

MMFN Machinist Mate - Fireman A ()law.? Stand' for "is the noise le"e intemittent?" The qua.-
FN Fireman A don mark (7) requIres a "yaem or "Wno" w. Inter-

ml twen noise Is defined a the sound snratod by
BTCM Boiler Tender - Maur Chief B mechinery which is cycle on end off and results in
STI Boiler Tender - 1st Class B Ws fluctuations In rns level mote than 5 dBA).
3T2 Boiler Tender - 2nd Class B ® Commniet Should be used to note fulty machinery or any other
BT3 Boiler Tender -3rd Class B facto that, by inowdton, may be s rWonebfor an

BTFN Boiler Tender - Fireman B unusual elois environent at the meawrament loca-
tion.,

EMC Electrician Mate - Chief E QD.ss R% Lee Enter the sound level meamaremen symbol Which Is
EMI Electrician Mate, -1s t Class E Ine-catdooss to the kidivils posion lse Figure).
EM2 Electrician Mau - 2nd Class E ()Rate Enter k-olvles rete abbreviation Be shown on the
EM3 Electician Mate - 3rd Class E peronne rate 2a e . Dolear Tender. First Cles-
EMFN Electrician Mats - Fireman E 371.

MMCS Machinist Mate - Senior Chief M )W6W hat? Stando for "Iskh do ddul weving vero, haring
MM1 ~ ~ ~ ~ ~ ~ ~P Mahns ae-tCasMpotection?" msh asvophup or aermufs. The *uesionMMI achnistMat - Iit lassMmark (?) reqlulre an 'W or "no anmre.

MM2 Machinist Mate -2nd Class M
MM3 Machinist Mets - 3rd Class M ~ )Wau SMsal Stnd for "Is the Individual a ssh stanide orea wseh

stander trainee?". The question mark 4?) requires a
MMFN Machinist Mate- Fireman M "yes" or "no" anmwr.
FN Fireman M (N)Nr.dsey at Les. Enter the number of hw ouh eea hour) that t1.

Indiviul works at lesation. If answer is Wy* to*
ente number of hours went as a watch stander at to.
motion.

Co ema" Should be used to deaculb work tsk when approriets.



FF1062 C.- SOUND SURVEY FORM ftpat 12

;ODE 'GENERAL INFORMATION CODE OPERATING CONDITIONS

Ship's Class FF1052 KNOX Readiness C) Cond. 10 Cond. II10

Space Surveyed Fire Rm. - 2nd Deck Cond. IVOCond. V 0

Ship's Name Operating Mode

Survey Date I I (a) In-Port Cold Iron 0

Time of Day Aux. Steaming 0

Inspected by (b) Underway Speed kts

Meter Type Shaft rpm

Serial Number Prairie Masker On 0 Off 0

SOUND LEVEL DATA

LOC. MEAS. dBA INTER() COMMENTS LOC. MEAS. dUA INTER. COMMENTS
CODE LOC. CODE LOC.

FS 1
FS 2
FS 3

PERSONNEL ASSIGNMENT DATA

LOC. MEAS.A BILLET RATE* WEARG WATCHO HRS/DAY AT LOC.S COMMENTSO
CODE LOC. TITLE PROT. STAND

? ? WORK WATCH

- - _ _ _ _ -- _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

-

__ _ _ _ -_____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

:f ___

A. ..



FF1052 Class
SPACE: Fire Rm. - 2W Dock

MACHINERY LINE-UP (OPTIONAL)

CODE DESCRIPTION O(I

low.FewBoiler I A
Boller IB
Auxiliary Gland Exhaust Fan

AMw. 810W

5m C.. ee

Ewew. Food
[To*eril 4)

IN 107 SO9

DEFINITION OF PERSONNEL RATES DEFINITIONS St AMPLIFICATIONS

RATE RATE DESCRIPTION DIVISION

MMC Machinist Mate - Chief A (j aasi Cond. I -Genera Quarters
MMI Machinist Mate - 1st Class A Cond. IIl - Warim SteamIng [
MM2 Machinist Mate -2nd Class A Cond. IV - Pasctinto Steaming
MM3 Machinist Mate.- 3rd Class A Cond V - In-Po't
MMFN Machinist Mate - Fireman A ()lowe.? Stands for "it te noI"lee Intelmi ttent?" The quee

FN Fireman A tiolt mrk 0fl reuIre a "yeaor "no avns. Inter- L
BTCM Boiler Tender - Master Chief B mechinery which ie cycled on end off and results in
STi Boiler Tender - 1st Class B bw fluctuations In noisel levsk bnm then S dBAl.
BT2 Boiler Tender - 2nd Class B Q)Commnts Should be used to note faulty machInery or any other
BT olrTedr3dCls eto thast. by Inuaetlon. mey be pea oable for an

unusual noise envroinnt at thes measurement loo-
BTFN Boiler Tender - Fireman B in
EMC Electrician Mate - Chief E AbaUss. LeaL Enter thes sound level measurement symbol vhIch is
EMI Electrician Mate. -Ist Clan E Iocatecloee oteIvtasolo mPprl
EM2 Eleciin Mate- 2nd ClanS E (RaeEnter Individual's rat dAbbAvlon a shown on the
EM3 Electrician Mate - 3rd Class E personne rate tobla; Le. IoIWe Tender. First Clao-
EMFN Electrician Mate,- Fireman E inTI.

MMCS Machinist Mate - Senior Chief M VWwe PMet? Stands for "Is the lndlvidal w-an person-aIl hearing

MMI MahiistMae Is Cas Mprotection?" suh oweerpsor erinff . The siestoi
MM1 Mchinit Mat - 1s Clas M mak 0)l requree an'Wye"or "no" snow.MM2 Machinist Mate - 2nd Class; M WW Stuid? unde for "Is the IndWviee a 'old sinider or a watch

MM3 Machinist Mate - 3rd Class M oa Idptale' The questIMonmrk (?) requires a
MMFN Machinist Mate.- Fireman M "Wea or "* no" mie.
FN Fireman M ( V pj at Lee. Enter the number of hours (to osee 16 hour) that ta,

WInthl works at looesl. If ammer Is "yes" tot?)
ene 6nme of howr aen ,aa sitch Iendor at lo.

(3) m CShould to used to desamerlis k u* Watn approprite.



FF10S2 Ca.- SOUND SURVEY FORM Pop 7of 12

.ODE GENERAL INFORMATION CODE OPERATING CONDITIONS

Ship's Class FF1062 KNOX Readiness C Cond. 10 Cond. II10

Space Surveyed Aux. Rm. #1, Lower Level Cond. IVOCond. Vo

Ship's Name Operating Mode

Survey Date / I (a) In-Port Cold Iron 0

Time of Day Aux. Steaming 0
Inspected by (b) Underway Speed _ kts

Meter Type Shaft - rpm

Serial Number

SOUND LEVEL DATA

LOC. MEAS. dBA INTER® COMMENTS e LOC. MEAS. dBA INTER. COMMENTS
CODE LOC. ? CODE LOC. ?

ALl I  AL6

AL2 AL7

AL3_

AL4d

AL5 _

PERSONNEL ASSIGNMENT DATA

LOC. MEAS.A BILLET RATEG WEAR WATCH ( 
HRS./DAY AT LOC.@ COMMENTSO

CODE LOC. TITLE PROT. STAND
- - - ? WORK WATCH

- - _ _ _ _ - - - _ _ _ _

- - _ _ _ _

- - _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _



FF1062 Class
PACE: Aux. Rm. No. 1 - Lower Level

MACHINERY LINE-UP (OPTIONAL)

Fn CODE DESCRIPTION N %

A 0 S.S. Turbo Generator No. 1 A
Cir 06 SS. Turbo Condensate Air Ejector No. 1 A

S.S. Turbo Generator No. 18B
@ L I STGand. Cor. CDS5.5. Turbo Condensate Air Ejector No. 1IB

Pmo S.S. Turbo Generator No. 1 C
up I PIC .S. Turbo Condensate Air Ejector No. IC

FieFW.Coa Fire Pump No. 1
CircMAL4IA (ct: ic~cFire Stabilizer Power Unit No. 1

Cod Ck.~ F. 0. Trans. Fire Stabilizer Power Ur~t No. 2
TaniF.O. Transfer Pump

G and. 0ASROC Circulation Pump
Drainage Eductor

Cond. Circ. Purnp

ALS3 Cond.' NDS Pump

STG and. Cond. CNDS;

Fin Stabilizer EduEduc

SO67

BHND 79

DEFINITION OF PERSONNEL RATES DEFINITIONS & AMPLIFICATIONS

RATE RATE DESCRIPTION DIVISION

MMC Machinist Mate -Chief A Rootlaess Cond. I - Genel Ojarters
MM1 Machinist Mate. -1st Class A Cond. I II -Wartime Steaming i
MM2 Machinist Mate - 2nd Class A Cond. IV -Peacetime Steamning
MM3 Machinist Mate.*- 3rd Class A ndVI-Pr
MMFN Machinist Mate - Fireman A law. hte. Stands for "is the noise I"ve Interittent?" The ques-
FN Fireman A tion maerk (01 requires a "yes" or "no" anawer. inter-

mittent noise is defined as the sound ganersted by
BTCM Boiler Tender - Master Chief B machinery inhich Is cycled on and off and results in
STi Boiler Tender. -1st Class B lamg fluctuations in noise leves Imos than 5 dBA).
3T2 Boiler Tender - 2nd Class B (3) Comments Should be used to note faulty machinery or any other
BT3 Boiler Tender - 3rd Class B factor that, by invection. may be resonsible for an
BTFN Boiler Tender - Fireman B tun.sa ons~om t h esrmn oa

EMC Electrician Mate - Chief E (1 Useoos. Lee. Enter the sound let mesurement symbol rmich is
EMI Electrician Mate - lot Class E locte closest to the Wndivideas position (se Figupre).

EM2 lecrican ate- 2d Cass E PM EterIndlIridual's rate abbrevation a shown on the
EM3 lecricin Mte 3rdClas Epersonnel rate table; Le. Boiler Tender. First Class-EL.N Electrician Mau -Fiea E STI

011111110 eed Stands for "is the Indidueal - -1s sander ore a ch
MM3 achnis Mae -3rdClas Mstander trainee?". The question mark 013 requires a
MMFNMachnistMate- FiemanyesW or "no" ansver.

Individual works at locaton. if anmwr is ,ves" to(2)
enter number of hours alscnta ae Laah stander at 10-
Cation.

C)CemAte Should be used to describe work teak waken aprprts.

7-j.-



FF1062~~ ClssSUND SURVENV FORM PpSf1

ODE GENERAL INFORMATION CODE OPERATING CONDITIONS

Ship's Class FF1052 KNOX Readiness (D .Cond. 10 Conid. 1110
Space Surveyed Aux. Rm. *1, Upper Lvel Cond. IV[]Cond. VO
Ship's Name Operating Mode
Survey Date I /(a) In-Port Cold Iron 0
Time of Day Aux. Steaming 0
inspected by (b) Underway Speed ___kts
Meter Type Shaft - rpm
Serial Number _________

____ _____ ____SOUND LEVEL DATA ________

LOC. MEAS. dBA INTER@ COMMENTS (3 bC. MEAS. dBA INTER. COMMENTS
CODE LOC. ?CODE LOC.?

AU lB ___ ______AU6___

AU2B __ ___________ AU7

AU 3 __________ AUB _

PERSONNEL ASSIGNMENT DATA

LOC. MEAS. BILLET RATEG WEARS WATCHO HRS./DAY AT LOCS COMMENTSg
CODE LOC. TITLE PROT. STAND

? WORK WATCH



SPACE: Auxiliary Rm. #1., Upper Level
FF .P. CAsr Purifie MACHINERY LINE-UP (OPTIONAL)i]

131DC;.3 1 CODEDESCRIPTION w l

L.P. Air L__AeH__. [
Air AU ;tw.'1 Turbo Generator I A
Rec. 1 Emner.rS.S Turbo Generator 18B

ui! Ps S.S.Turbo Generator I C
SS Trbo en. .S.400 Cycle Motor Generator No. 1
Ic L.P.Air Compressor No. 1

H.P. Air Compressor No. 2

TonFan
nk

r-n Vin. Stab.
A~t Cois.Com'.AIM

U N DownSSTroGn

MM1 Machinst Mte 1st; yClas ACodII-ale=am
MM2 Machinis Tat2n Cls01od.I ectieSemn

MMC Machinist Mate.- 3Class A esns; Cond. V. -Penrl

MMFN Machinist Mate - Fireman A (z3 lowe. ? Stands for "is the noise leve into..mittent?" The ques
FN Fireman A tion mark (?) requires a "yes" or "no" answer. Inter-

mittent noise Is defined a the sound generated by
BTCM Boiler Tender - Master Chief B machinery which is cycled on and off and results in

STI Boiler Tender - 1st Class B large fluctuations in noise lees (moms than 5 dBA).
BT2 Boiler Tender - 2nd Class B (j) Caomments Should be used to note faulty machinery or arty other
BT3 Boiler Tender - 3rd Class B factor that, by lnrectIon. may be responsible for en

BTFN Boier ende- Fremn Bunusual noise environment at the measurement loca-
EMC lecricin Mte -Chif Etion.

EMC lecricin Mte -Chif E 1Mss. Lec. Enter the sound le"e measuremnt symbol which is
EMI Electrician Mate - I1st Class E locte closes to the Indivdual's position (one Figurel.
EM2 Electrician Mate - 2nd Class E (3Rea Enter Inidiidual's rate abbrevIation ea shown on the
EM3 Electrician Mate - 3rd Class E pronel rate table; Le. kiler Tender, First Class
EMFN Electrician Mate - Fireman E 1ll.

MMCS Machnis Mat - enio Chef M(19Wear Plift? Stands for "Is the individual waring perona heeringMMCS Macinit Mte SeiorChif MprotectIon?' s10611h MMU earpg oemtufLs The questionMMI Machinist Mate: -1st Class M rw l reqire the "VW or "no" rnsw ore
MM2 Machinist Mate St-d for Clis IniiulaMc tne

MM3 achiistMate- 3d Clss stadertrainse?". The question mark l?) requirs a
MMFN Machinist Mate - Fireman M yea orWno anwe.
FN Fireman M ()Hrs/Day at La. Enter the number of hours (to closst % hour) that t.

Individual works at location. if ainawer is *"e" toQ)
enter number of hours sent as a - to! stander at lo-
cation.

(3) Cemmae"t Should be used to describe work task when apropriate.



FF1052 Clans SOUND SURVEY FORM Pape 9of 12

,ODE GENERAL INFORMATION CODE OPERATING CONDITIONS

Ship's Class FF1062 KNOX Readiness M Cond. 10 Cond. I1110
Space Surveyed Aux. Rm. No. 2 Cond.iVOCond. Vo
Ship's Name Operating Mode
Survey Date I I(a) In-Port Cold Iron 0
Time of Day Aux. Steaming 0
Inspected by (b) Underway Speed ___kts
Meter Type Shaft -rpm

Serial Number ___Diesel Generator On 0 off 0

_____ SOUND LEVEL DATA ___________

LOC. MEAS. dBA INTER@ COMMENTS LOC. MEAS. dBA INTER. COMMENTS
CODE LOC. ?CODE LOC.?

X1W __ _ _ _ _ _ _ _ _X6 _ _ __ _ _ _ _ _ _ _

PERSONNEL ASSIGNMENT DATA

LOC. MEAS. BILLET RATEM WEAR WATCHO HRS./DAY AT LOC.D COMMENTSO
CODE LOC. TITLE PROT. STAND

SWORK WATCH



FF1062 Class -

SPACE: Aux. Rm. No. 2

MACHINERY LINE-UP (OPTIONAL)

CODE DESCRIPTIONOl il
nori Q..eo, &5.. Diesel Geneator

5.S. Diese Generator S.W. Circulation Pump
03 Fire Pump No. 4

Olmil Goemew SoB e JP-5 Transfer Pump No. 1

C HJP5 eric um N.n o t* JP-5 Service Filter/Separator No. 1
L.P. 5.5. Air Compressor

SSPS11 H.P. 5.5. Air Compressor
025A)I na r{'T L..55EM . 400 Cycle Motor Generator No. 2

I25 LogI r
LEi

400 CytA4 441 02 4 2 ltw e

_ _ _ /11_ _ _ _ _ __ _ __ O h

DEINTIN F EROINE RTE D~iITON &AMLIICTIN
RATE ATE ESCRPTIONDIVIION,
MMC~ ~ ~~1 Mahns ae-Cif A C .c erriret

MM1 ~ ~ ~ ~~ P MahnsPaeItCas A od.Il.etni temn
MM2~~~~~~~FA Mahns Mt-2d ls Cn.I- ectmeSen

400e V-In-Por

MM3: Machinist Mate.- 3Class A oise; Cn.I-Gmla

MMFN Machinist Mate - Fireman A low.te? Itandss for "is fth noise leve intemktrt The ques
FN Fireman A tiesi merk (?) reqIres a YVot" or "no" gfto. Inter-

mittent noise Is defined a the sound pnereted bv
BTCM Boiler Tender - Master Chief S ehnr ~c see nO 4 WrslsI
6TI Boiler Tender" lit Class 8 large fiutateons in noise leves bmote then 5 dBA).
ST2 Boiler Tender - 2nd Class B (3) Cemmeeb Should be used to nowe twIty machinery or any other

BT3 Boiler Tender - 3rd Class B fector whet, by Inspetion. mew be responsible for en
BTFN Boilr Teder Firmanunusual noise arwironent at doe wmsrement loa
BTFN Boilr Teder- Fieman9 ton.'

EMC Electrician Mate - Chief E 11 11e111 Lee. Enter the sound level meemieo rnen bol *Mich Is
E41 Electrician Mowe -1st COas E I Nesdlss to the bodiweles position sem Figre).
EM2 Electician Mate- 2nd Class E Ente W~ ia- relts Ob do so eltwn on doe
EM3 Electrician Mate - 3rd Class E per sonne rate tebsle; Le. Deller Tender. First Clasw
EMFN Electrician Mate.- Fireman E I TnsIr. steiihdd wrn esnlhwn
MMCS Machinist Mate -Senior Chief MOwff It 4fr"sf Alia wlo@psnlheig
MMI Machinist Mate. -1st Class M wak 11 sa 1Wu or -no-fi Ttiaustlo
MM2 Machinist Mate -2nd Class M ()Wa d tnsfr"steItllelaeu tne r wt
MM3 Machinist Mate -3rd Class M stander trainee?". The queston merkt (?) reuIre a
MMFN Machinist Mate -Fireman M "wea or "no" anwo.
FN Fireman M I ft~4a at Lee. Enter theonmber fhoursh I to lshour) ttt.

lindlii" wrks at loomattLo If enwo Is *Wes toC)
en Iterme of hours sent soe 0 sanderWI at I*-

"Oa 1m be used to dsIbe work task olien aproprlt.



FF1062 Ca SOUND SURVEY FORM POP10of 12

%ODE GENERAL INFORMATION CODE OPERATING CONDITIONS

Ship's Class FF1062 KNOX Readiness ') Cond. 10 Cond. 1110

Space Surveyed FDB Rm. 1A Cond.IVOCond. V[

Ship's Name Operating Mode

Survey Date I I (a) In-Port Cold Iron 0

Time of Day Aux. Steaming 0

Inspected by (b) Underway Speed kts

Meter Type Shaft rpm

Serial Number

SOUND LEVEL DATA

LOC. MEAS. dIA INTER(® COMMENTS G) LOC. MEAS. dBA INTER. COMMENTS
CODE LOC. 7 CODE LOC. I

FA 1

FA 2

FA 3

PERSONNEL ASSIGNMENT DATA

LOC. MEAS.A BILLET RATES WEARG WATCHO HRS./DAY AT LOC.@ COMMENTSO
CODE LOC. TITLE PROT. STAND

? ? WORK WATCH

. . .. .. .. . . . . i - -- - a.. . . . . . .. . . li l l . . . . . . . . .. . . . . 1.. . ... . . ... .. .



FF1062 Clan
SPACE: FDB Rm. 1A

MACHINERY LINE-UP 1OPTIONAL)

CODE DESCRIPTON OI/1

Force Draft Slower I A- I[~~1 7 ]Force Draft Blower IA-2
Force Force
Draft IPAII Draft
slower L..J slower

IA- I A-2

DEFINITION OF PERSONNEL RATES DEFINITIONSI & AMPLIFICATIONS

RATE RATE DESCRIPTION DIVISION

MMC Machinist Mate - Chief A ()Roentma Condi. I - General Quarters
MM1 Machinist Mate. - st Class A Cond. IllI-Wabrtm Stews Ing
MM2 Machinist Mate.- 2nd Class A Cond. IV.- Pscatim Steaming
MM3 Machinist Mate. - 3rd Class A Cond. V - In-Port
MMFN Machinist Mate - Fireman A ()lowe.?I Stands for "ka the noise level Intermittent?" The Quem

FN FrmnA tion mark f requires m -yes" or "no" answr. Inter-
FNter Firema is1 deflnd as do son pw db

BTCM Boiler Tender - Moster Chief B machinery which is cycled on and off and results in
BTl Statlr Tender - Ist Class B lag ftuations In noise l&evel (ot then 5 dUAl.

BT2 Boiler Tender - 2nd Class B ()Callsats Should be used to note faulty machinary or any other
BT3 Boiler Tender - 3rd Class B factor that. by inmection. may be ro~onsible for an

unusual nise environment at the measurement loca-BTFN Boiler Tender - Fireman B tn

EMC Electrician Mate - Chief E Monse. Lee. Enter the sound level measuremnent symbol whtichi is
EMI Electrician Mate - 1st Class E locewedcloas -to the individual'sposition (we Figure).
EM2 Electrician Mate.- 2nd Class E (I) Rae Enter individual's rate abbreviation as shown on the
EM3 Electrician Mate - 3rd Class E paisnna rate taM.;s i.e. Soller Tende. First Class-
EMFN Electrician Mate - Fireman E BIt.

MMCS Machinist Mate - Senior Chief M ()Wowr Prot? Stands for -it the individual wowring personal hearing
protection?" such eserplugs or emafs. The ouetiO4n

MMI Machinist Mte -lttClass M mark 01 requires on "ves or "no" anwr.
MM2 Machinist Mate - 2nd Class M W11111 w md Ia Stands for "it the Individual a -atIh stande or a watch
MM3 Machinist Mate - 3rd Class M pns rig?.Teqeto ak(lrqie
MMFN Machinist Mate - Firemen M "yes or ,fno ninr.
FN Fireman M (I) HrsIVwat Left. Enter the number of houm Ito cletI" hour) dtha,

Individual worka at location. If answer Is --yea' to*)
enter numller of hours snt a a lei~ standsr at 10-
cation.

(3) Cemmees Should be used to dascribe worktskwhdenapropriste.



FF1052 Clan SOUND SURVEY FORM Pap 11 of 12
( aDE GENERAL INFORMATION CODE OPERATING CONDITIONS

Ship's Class FF1052 KNOX Readiness CD Cond. 10 Cond. I II0

Space Surveyed FDB Rm. 1B Cod. IV0Cond. V 0

Ship's Name Operating Mode

Survey Date / / (a) In-Port Cold Iron 0

Time of Day Aux. Steaming 0
Inspected by (b) Underway Speed __ kts

Meter Type Shaft - rpm

Serial Number

SOUND LEVEL DATA

LOC. MEAS. dIA INTER®2 COMMENTS) LOC. MEAS. dIA INTER. COMMENTS
CODE LOC. ? CODE LOC. 7

,B I
FB1 i_

FB3 

PERSONNEL ASSIGNMENT DATA

LOC. MEAS.A BILLET RATEIS WEARS WATCHO HRS.IDAY AT LOC.@ COMMENTSO
CODE LOC. TITLE PROT. STAND

7 7 WORK WATCH

IF

- - _ _ _ _ _ _ _ _ __._ _ _ _ _ _ _ _ _ _ _ _



FF1052 Class
SPACE: 1FDB Rm. 1B

MACHINERY LINE-UIP IOPTIONALI

CODE DESCRIPTION N'I

Force Draft Blower I B-1
Force Draft Blower 13-2 v-

Fore Force
Dr.h Draft

&I lowetlos

DEFINITION OF PERSONNEL RATES DEFINITIONSI AMPLIFICATIONS

RATE RATE DESCRIPTION DIVISION

MMC Machinist Mate -Chief A (F ivn cond. I-Genra aurW
MM1 Machinist Mate - st Class A Cond. IIl- Wrtme Sternino
MM2 Machinist Mate - 2nd Clas A Cond. IV. Peeeme Stening
MM3 Machinist Mate.- 3rd Class A 0Upd. V -In-P1ort
MMFN Machinist Mate - Fireman A (3) lowE.? 'tends far -ks the naisl Iinnittet?"* The quei

FN~~~~ ~ ~o Firma A1 n' ' w~ ?)rires a "yeWor "no' an. Inter-FN Fremn Ami te noilse Is deld a the msnd gmerustmd by
BTCM Boiler Tender - Master Chief B machinery ic~h is eyeid on and off end remits in
BT1 Boiler Tender. -1st Class B lerp fluatueuloing in .. i. Mobu (mom then 6 d@AI.
BT2 Boiler Tender - 2nd Class B ()Cemaeas Should he used to nate Snakty messshinerv or e1y other
BT3 Boiler Tender - 3rd Class B fectdet. hat by tinp may be responsible for en

unusuhl naise envIronmient at the wasfmamet loweBTFN Boiler Tender - Fireman don
EMC. Electrician Mae - Chief E 11 ames Les. Inter the sound We! meamairnminbol which Is
EMI Electrician Mae - 1 st Class E tuetedces to the kd' a~poition ee I"ar).
EM2 Electrician Mate -2nd Class E Ene w---w' re bdd u-%o h
EM3 Electrician Mate - 3rd Class E Is .n rte UWbl I& Doletr Tender. First Class
EMFN Electrician Mate - Fireman E 3T1.

MMCS Mlachinist Mate - Senior Chief M I Willi P#@? I WaHs for "Is the hIdM IIIs"I" pe ree 0 ne heeine
pretertlenr such se evsp a r earmnuffs. The oitaMMI Machinist Mate - Iet Class M1 mark (?) requires en 1yes or "no" aswrer.

MM2 Machinist Mate - 2nd Cass M WMo d? Sni o I 4W*WM001 11 f8 P
MM3 achnis Mae -3rdClas Mw d as tra~e . The question mark PI) requires aMMFN Machinist Mete - Fireman M "yes oir "Wno"swer.

FN Fireman M1 H~ .jat Las Enter the number ef hours he aesist 9 hour) that .

ln0 dhes works at loeaton- If amit Is "yes"to(2
enter number of haur sent ass atche stander at W0

FCeMM"a Sould he used to describie work askt when appropiete.
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FF1052C-I SOUND SURVEY FORM P 12of 12I(.

;ODE GENERAL INFORMATION CODE OPERATING CONDITIONS

Ship's Class FF1052 KNOX Readiness ( Cond. 10 Cond. II10

Space Surveyed After Steering Cond. IVOCond. VO

Ship's Name Operating Mode
Survey Date / I (a) In-Port Cold Iron 0

Time of Day Aux. Steaming 0
Inspected by (b) Underway Speed _ kts

Meter Type Shaft - rpm
Serial Number

SOUND LEVEL DATA

LOC. MEAS. daA INTER() COMMENTS LOC. MEAS. dBA INTER. COMMENTS
CODE LOC. ? CODE LOC. 7

S1W

S3 _ _ _ _ _ _ _ ___

- - __ PERSONNEL ASSIGNMENT DATA

LOC. MEAS.A BILLET RATEG WEAR4 WATCHO HRS./DAY AT LOC.* COMMENTSO
CODE LOC. TITLE PROT. STANDS ? WORK WATCH

* I. -
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FF1062 Cass
SPACE: After Steering

MACHINERY LINE-UP 1OPTIONAL)
__________________________ CODE DESCRIPTION O(I

Stearino Ger oorNo
Steering Gear Motor No. 2

@WSNrigWarMtr o

~MOM

DEFINITION OF PERSONNEL RATES DEFINITION$ AMPLIFICATIONS
RATE RATE DESCRIPTION DIVISION
MMC Machinist Mate - Chief A Cond. I- Geog GiartmMM I Machinit Mate - Is Cass A Cond.II -Warime semngMM2 Machinist Mate - 2nd Class A Cond. IV -Peacetim Steaming
MM3 Machinist Mat.- 3rd Clans A Cond. V -in-PortMMFN Machinist Mate - Fireman A (2) law.? Stans for 'Is t noise le"e intermittent?" The qua.-FN Fireman A don mar l?) requires a "yea" or -no" answr. Inter-

BTC SII * Tnde - ater hie Bmltten noise is defined a Oe sound generated byTCM Boilr Teder-Mastr Chef Bmachinery which is cycled on and off and results inBT1 Boiler Tender - 1st Class B Werg fluctuations In noime levels (motn than 5 dMAL.BT2 Boiler Tender - 2nd Class B (1) Calls Should be used to note failty machinery or mny otherBT3 Boier Tender - 3rd Class 8 factor that by insection. m-y be rooonuible for anBTFN Boiler Tender - Fireman 9 'unumal noise1 envifrMoinn at the meemurement loce.

EMC Electrician Mate - I Cien E - Le E t the .. sound WW m urament umbol vAich is
EM2 Electrician Mate - 2nd Clas E lc SMdc o s he IndhosA es Position (see Figure).
EM2 3 crca ae-n mEc~a Enter ~NWIVI a's rte abbreviation as shown on tE3 EleticMian Mate - 3rd Cis-. E Personnel rat table; Ie. Doler Tender. First Ciao.-EMFN Electrician Mate - Fireman E inTI.
MMCS Machinist Maue - Senior Chief M Wd)33 ftL I Itands for -is the Ind~vidual vesaring personal heaingMMI Machinist Mate - IttClan M poetionr" msh a eapkuporarvnuqs The quest~n
MM2 Machinist Mate -2nd Clas M mar Q requireel an "es or -no-' enmar.
MM3 Machinist Matoe- 3rd ams M (7 " Wab hd? 8110111 for "is the In11didal a -- Id asunder or a watchstade trainm?". be question mark (?I reqIin aMMFN Machinist Mate - Fireman M oye" or "no" eninrFN Fireman M 'Off h Itjg LO Eter t numerm of ho0urs (t0 does X hourl tat,~

Ind @1ua works at location. If mpar is -yea to~z
ente;r number of hm our wen & Ovid s"aNde at Ia.

(3) Cmmees Should be used to doarin work taski oten slpropriate.
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Bolt Beranek and Newman Inc.

1. OBJECTIVE

The objective of this shipboard sound survey procedure is to

provide for a uniform method of sound level data collection

which is consistent with the requirements of a Navy Noise Exposure

Data Management System under study.

2. APPLICABILITY SCOPE AND LIMITATIONS

This sound survey procedure is limited to the FF1052 class (Knox)

ships anI further to the engineering spaces only. In its current

version, the procedure will be implemented for a three month period

by the EPMU-2 (Norfolk, Va.) and EPMU-5 (San Diego, Ca.) units

during routine inspections of the Knox class. The data gathered
will be used to examine the validity and accuracy of the noise

exposure managment system under study. Only the In-Port-Auxiliary

Steaming ship operating condition will be surveyed although the

procedure is designed to be applicable to any operating mode.

3. SOUND SURVEY FORMS

The Sound Survey Forms, (SSF) developed incorporate all of the data

routinely collected by the EPMU's and has been designed to follow

normal survey procedures. Each Form is printed front and back

on a single page as shown in Figure 1 and is divided into two

parts:

1. Front Side: the front side of the page contains all

of the data entries required in the survey.

2. Back Side: the back side of the page contains support
information to the survey procedure, symbol definitions

and clarifications.

-1-
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Bolt Beranek and Newman Inc.

Each sound survey form is specific as to: a) the ship class and

b) the ship space. Therefore, in the case of the FF.1052 (Knox)

class, a full compliment of Sound Survey Forms, one for each

engineering space and level, is provided and should be used (12

pages in total).

4. Survey Procedure

The front page is divided into four sections as follows:

1. General Information: includes ship, date, inspector,

and equipment identification questions.

2. Operating Conditions: defines the ship operating con-

ditions during the survey.

3. Sound Level Data: contains the acoustic (noise) data U

entries required in each space.

4. Personnel Assignment Data: contains the parameters

necessary to describe the personnel time-work task

data.

4.1 General Information
Ship'a CZase: already identified, in this case as FF1052-

Knox.

Space Surveyed: already identified, select the Sound Sur-

vey Form that corresponds to the space being surveyed. i
Ship'e Name: enter the name and number of ship being in-

spected; i.e. U.S. Paul, FF1080.

Survey Date: enter date of survey.

. Time of Day: enter time of survey.

-2-
, I
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FF102 Cans SOUND SURVEY FORM Pop 1 of 12

ODE GENERAL INFORMATION CODE OPERATING CONDITIONS

Ship's Class FF1052 KNOX Readiness 0 Cond. 10 Cond. I1I10
Space Surveyed Engine Rm. Lower Level Cond. IVOCond. VO
Ship's Name Operating Mode
Survey Date I I(a) I n-Port Cold Iron 0
Time of Day __________Aux. Steaming 0
Inspected by (b) Underway Speed _ktsIMeter Type Shaft -rpm
Serial Number ____________

____ _____ SOUND LEVEL DATA_________

LOC. MEAS. dIA INTER® COMMENTS LOC. MEAS. dDA INTER. COMMENTS
CODE LOC. 7 CODE LOC. 7

ELIB ____ ___ _________EL6

E L2B ____ ___ _ _ _ _ _ _ _ _E 17
EL3 __ _ _ _ _ _ _ _ _ _ _ _ _ _ _

PERSONNEL ASSIGNMENT DATA

LOC. MEAS. B3ILLET RATEB WEAR4 WATCHO HRS./OAY AT LOC.e COMMENTS9
CODE LOC. TITLE PROT. STAND

? WORK WATCH

- - ~~~~~~~~~ __ _ __ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _



F F1052 Clan
SPACE: Engine Rm. Lower Level

MACHINERY LINE-UP IOPTlONAL)

CODE DESCRIPTION ONII
Mein~~ia Setln -"71hn

f-er.Main Reduction Gear
ri Main Condensate Pump 1A

Ente. F 0.LotMain Condensate Pump 1 B
Fire Pump No. 3

MainL 0 er PrnpMain Condensate Circulation Pump No. 1
___ Main L.O. Service Pump I A

aMai Cn. Main L.O. Service Pump 15
L .Cooiler No? Cire. LO. Purifier No. 1

EL6 "aDistillate Feed Pump No. I

\L. 0 S", Waste Water Distillate Feed Pump No. 2
M19g. Suin. Drainage Eductor

Emergency F.O. Transfer Pump

MM Mainistateo - Mnalss ACid.n.Pectm Semn
MM3 r MciI Ma 3rdes moo.InPr

BTCM~ It Boile Tedr aterChe Bmahnywhc scceonndf ndrulsn
BT1 Boiler Tend le 1s ls lrefututosi nielvlstmr ha S

BT2 Boile en- 2andls emns Sol eue ont alymcieyo n te

BT3 BolrTneFirrCesBfco ht b siet~.mybersosbefre
BT. BoPuilierTedr-FrmnBusulnseevrnetatemesren o.

Work Rencon.
EMC Elcticinte oo UPe )M. e. Etrtesud ee esrmn yblwihi

EM. Eltorcan Ma.t - st Cls -oae lss oteIdvdasollnseFgr)
EMA 2 EeTcank Mte*2dCas E(5 ne niiul aeabeito asono h

MMCS Machinist Mate - Shefo Che MR eardPnes Stands fo - thnea inua earin esna ern
MM1 Machinist Mate - 1st Class A Cnd. I II require ant*eami noaswr
MM2 Machinist Mate - 2nd blass A (Coac Sad tnds. "I ecte ndinlawtcgtne o ac
MM3 Machinist Mate,- 3rd Class A stander trieeV Th InstonmakPorrquret(MMFN Machinist Mate - Fireman AMner Sya"d for "no" ahernielvl.nemten? h
FN Fireman A tn marka Mt r.Etrteue f hours" or o anhour. thte

ment nmbe ifhs en as at sander at I-

BT2 Boier endr -2n(Clas) Cemmsem Should be used toesorte worlt tasc henyo aproite.



Bolt Beranek and Newman Inc.

Inspected by: enter initials and last name of individual

performing the survey.

M Neter Type: enter the make and model number of sound survey

meter being used, i.e. General Radio 1565B.

* SeriaZ Number: enter serial number of sound survey meter

used.

4.2 Operating Conditions

Readiness: enter the ship's readiness condition by check-

ing one of the four condition boxes. The superscript®

refers to the Definitions and Amplifications section

contained on the back side of the form.

* Operating Mode: the operating mode of the ship may be

either a) In-Port or b) Underway as shown. If In-Port,

check either Cold Iron or Auxiliary Steaming as appropriate.

If Underway, enter the speed and shaft rpm.

Note that this program is concerned only with the Auxiliary

Steaming operating mode, therefore all data collected

should be under this operating condition.

• Praire Masker: in fire room spaces only. This system is
used infrequently and only in the Underway mode. Since it's

operation affects substantially the noise levels measured in

these spaces, it is necessary to identify if the system is
f"on" or "off".

• Diesel Generator: in auxiliary room No. 2 only. The operation
of the diesel generator is infrequent and affects substaintially

the noise levels measured in this space. Therefore, it is

necessary to identify if the system is "on" or "off".

( 5
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4.3 Sound Level Data

*Neasurement Locations: already identified. Locate the

measurement location identified by referring to the space

floor plan contained on the back side of the survey form.

The measurement location symbol is shown in a square.

The symbols used indicate the compartment, the level,

the location number and whatever the location is a watch

station (W) or a work bench or telephone (B) area, as

follows:

EW oWatch Station

Second Location

Upper Level

Engine Room

dBA: enter the measured "A-weighted" sound level. The

measurement should be performed at ear height. Some

spatial averaging should be obtained by slowly moving

the meter horizontally from side to side (see Section 5

for further instructions).

* Inter?: Stands for "is the noise level intermittent?".

The question mark (?) requires a "yes" or "no" answer.

Intermittent noise is defined as the sound generated by

machinery which are cycled on and off and results in

large fluctuations in noise levels (more than 5 dBA).

* Comments: use to note any faulty machinery or any other

factor that, by inspection, may be responsible for an

unusual noise enviroment at the measurement location.

Should be also used to note large temporal or spatial

noise level fluctuations (see Section 5).

(
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4.4 Personnel Assignment Data

The objective of this section is to acquire personnel work

assignment data that may be used to establish a statistical

time-motion description of all engineering personnel work assign-

ments on the ship. The key to this end is the identification of

the engineering space personnel and the time spent at each of

sound measurement locations surveyed. This type of information

has not been previously collected by EPMU personnel and represents

an addition to present practice. During the survey procedure,

and more specifically while in the process of conducting the sound

level measurements, the inspector will question any engineering

personnel present in the space being surveyed. The personnel

questioned will be limited to those individuals found during the

performance of the sound level survey and no effort should be

expended to locate all engineering personnel. The following

information should be recorded:

Meas. Loc.: enter the sound measurement location symbol

from the Sound Level Data portion of the form which is

closest to the individual's position. The sound measure-

ment locations are shown on the space floor plan. These

inputs establish a unique correlation between a position

in the space (and therefore noise level) and the individual.

Billet Title: ask the individual and enter his billet

title.

Rate: ask the individual and enter his rate. The definition

of personnel rates with their corresponding abbreviations

are provided on the back side of the form.

Wear Prot.?: stands for "is the individual wearing personal

I-
I- -
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Bolt Beranek and Newman Inc.

hearing protection" such as earplugs or earmuffs. The

question mark (?) requires a "yes", or "no" answer.

Watoh Stand?: stands for "is the individual a watch stand-

er or a watch stander trainee?". Note that the question

pertains only to the work assignment the individual is
performing at the time. The question mark (?) requires

a "yes" or "no" answer.

Rra./day at Loc.: enter the number of hours (to the closest
1/4 of an hour) that the individual works at location under

the work column. If the answer to the previous question

is "yes" (the individual is a watch stander or watch stander
trainee) then enter the number of hours as a watch stander.

Comments: when the individual is performing work tasks,
describe his function as appropriate, i.e. fixing oil pump,

painting, etc.

Note: all numbers in O refer to the Definitions and Amplifica-

tions section presented on the back of the form. This informa-

tion is provided in an effort to make each form self-explanatory.

The back side of the form contains one additional entry. This H
entry called "Machinery Line-Up" contains the description of

all major machinery units associated with noise generation Pa

and deceipted picturally in the floor plan. The inspector is

asked (on an optional basis) to identify the equipment on-line

by a check mark in the appropriate space.

S. Sound Measurement Procedure

In order to ensure a uniform sound level data measurement procedure j
the following steps should be followed during the survey:

i (
-8- !
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1. Locate measurement location by refering to the space floor

plan contained on the back side of the survey form.

2. Using a calibrated sound level meter, measure the average

"A-weighted" sound level (dBA) at the measurement location.
j The meter should be turned on the "A scale" and "slow"

response. (The latter applies only to meters having a slow

and fast meter averaging networks).

3. The averaging of the sound level data should be made in

both the "temporal" and spatial domain. Temporal Averaging

is accomplished by visually averaging any meter fluctuation

over a period of time (a minimum of 15 seconds). Spatial

averaging is accomplished by slowly moving the meter in a

horizontal plane from side to side, as shown in Figure 2

and visually averaging any meter fluctuations.

4. If sound level fluctuations exceed +3 dBA, note so in the
comments column, i.e. noise levels fluctuate +5 dBA.

6. Additional Data Requirements

The above procedures are descriptive of the survey steps which will

be followed during routine surveys of this class. For evaluation

purposes the time and difficulty of following those steps needs to

be assessed. The individual performing the survey should make notes

as to the following items:

1. The total time necessary to complete the survey and how that

compares to previous procedures.

2. The difficulties encountered in following the procedure.

7Be specific as to the problem areas so that changes may

be designed later.

V"
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Bolt Beranek and Newman Inc.

3. Any other information that can serve to evaluate and improve

the procedure.

The above comments and the results of personal debriefings which
will be conducted by BBN at the conclusion of the data collection
program will be used to assess the practicality of this procedures

and to the develop any changes and modifications.

As was discussed previously, the collection of personnel assignment
data is a new and key part of the noise exposure data system. Since
during the three month period of this survey only a limited number
of ships will be surveyed, it is necessary to 4quire further data
on that subject. Specifically, the individual assignments of all

engineering personnel during a one day period will have to be assessed.'

Thus, although the normal procedure relied on the statistics of many

ship measurements to describe the daily work assignment of various

personnel ratings, this study will require a full documentation on

personnel movements in order to evaluate the accuracy of the method

with a limited data base.

The method necessary to aquire this information is discussed below

and utilizes the form shown on Figure 3 which is filled with an ex- U
ample.

1. Locate, if possible, all engineering personnel as described
in the Definitions of Personnel Rates presented on the back

of the Sound Survey Form. Each individual should be asked
the following questions:

a. Billet Title

b. Rate

c. Note if he is wearing hearing protective equipment. TI
Note: All questions as to personnel movements will be addressed to

the previous day. This will maximize accurate recolection F

and ensure that a full workday is included.

-10-
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Bolt Beranek and Newman Inc.

2. Was he a "Watch Stander"? If yes, enter the number of

hours spent and the measurement location code closest to

the watch station.
h.

Note: Since all watch stations have been identified on the Sound

Survey Forms, the inspector should be able to identify the
watch station by refering to the proper floor plan.

3. Ask the individual to recount his work duties on the

previous day exclusive of the watch stander assignment.
Similarly to the watch stander procedure, enter the number

of hours (to the closest 1/2 hour) and measurement location
code for each work area. In the first line of our example,

the BTFN Rate spent 3.0 hours at location FL7, 4 .0 hours

at location FV6, and 1.0 hours at location FSI. Entries
should be made consecutively as shown in the example with

the total number of hours in the workday corresponding to
the addition of the individual's watch stander and other
work task duties.

(
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APPENDIX D

Personnel Work Assignments

The decimal numbers in the table are the hours assigned to each

location for the particular personnel grade. The integer num-

bers in brackets are the number of personnel in the particular

grade who were assigned to the location.

I .
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APPEN1DIX E

Individual Noise Exposure Results

For Each Ship Using Noise Levels

Measured at Individual Locations
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APPENDIX P

Grade Average Noise Exposure Results
For Each Ship Using Noise Levels

Measured at Individual Locations
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Individual Noise Exposure Results for Each Ship
Using Sub-area Average Noise Levels
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1
Appendix N-1

I Differences between calculated ESL data and dosimeter data on an
Individual basis, with no averaging of measured noise levels.

'S

Leq Leq Difference

Ship No. Rate Cale. Dos. Dos.-Calc.

PF-1094 BTPR 91.0 97.9 6.9
USS Pharris BTFR 88.5 85.1 -3.4

BT3 88.8 91.6 2.8
BTFN 87.9 96.3 8.4
BT2 85.1 87.1 2.0

Mean 3.3
S.D. 4.6

PF-1085 BT3 84.3 85.5 1.2

USS Beary BT3 79.7 84.1 4.4
BTI 87.9 86.1 -1.8
BTPA 72.0 84.3 12.3
BT3 82.9 80.8 -2.1
BT3 90.6 89.7 -0.9

Mean 2.2
S.D. 5.5

[ PF-1092 MMPN 83.0 94.8 11.8
- USS Thomas C. Hart NMFR 87.3 92.4 5.1

L | BTFN 86.0 98.3 12.3
I. BT3 84.9 82.8 -2.1

MMFA 93.5 88.2 -5.0
MMFN 73.5 91.1 17.6 MeanMean 6.6

S.D. 8.9

SP-1081 MM3 82.3 88.1 5.8

USS Aylwin MM3 85.6 87.6 2.0
I NX3 88.5 88.4 -0.1

BT3 85.6 92.0 6.4
BT3 89.14 90.4 1.0
BT3 86.0 91.1 5.1Mean 3. 1

J S.D. 2.7

I IN-1
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Appendix N-1 (cont)

Leq Leq Difference
Ship No. Rate Cale. Doe. Dos.-Calc.

FF-1097 NNFA 87.6 81.3 -6.3
USS Nolnester BT3 92.2 90.0 -2.2

BT3 81.1 93.0 11.9
N 84.8 95.0 10.2

Mean 3.4
S.D. 9.0

PF-1075 BT2 68.0 87.2 19.2

USS Trippe BT3 68.0 86.6 18.6
BTFA 90.5 81.8 -5.7
BTFN 90.9 91.3 10.4
BT2 87.5 78.0 -9.5
BTFN 68.0 87.5 16.8
BT3 88.0 87.5 0.5
MM3 90.9 94.7 3.8
MMFN 89.6 90.6 1.0
MMFN 84.0 84.0 0.0

Mean 11.5
S.D. 10.2

Overall Mean 4.0
Overall Standard Deviation 7.3

Ni

i

N-2

--..

m
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1
Appendix N-2

I Differences between calculated ESL data and dosimeter data on an
individual basis, with sub area averaging of measured noise levels.i

Leq Leq Difference

Ship No. Rate Cale. Dos. Dos.-Calc.

FF-1094 BTFR 90.1 97.9 7.8
I, USS Pharrs BT3R 90.2 85.1 -5.1

BT3 89.9 91.6 -. 7
BTFN 89.9 96.3 6.4
BT2 90.2 87.7 -3.5

Mean -. 5
S.D. 5.0

FF-1085 BT3 94.9 85.5 -9.4
USS Beary BT3 97.6 84.1 -13.5

BTI 90.6 86.1 -4.5

BTFA 90.8 84.3 -6.5
BT3 85.2 80.8 -4.4
BT3 92.2 89.7 -2.5

Mean 36.9

S.D. 4.5

FF-1092 MM3N 83.0 88 0.8

USS Thomas C. Hart MMFR 87.3 92.4 5.1
BTFN 85.2 98.3 13.1
BT3 85.9 82.8 -3.1

MMFN 89.1 91.1 2.0
Mean 3.9
S.D. 7.5

FF-1081 MM3 87.3 88.1 o.8
SUSS Aylwin MM3 81.7T 87.6 5.9

MM3 86.7 88.4 1.7
BT3 90.4 92.o 1.6

BT3 90.3 90.4 0lo.1
BT3 92.1I 91._ -1.0o

Mean 1.5SS.D. 2.4

J N-3
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i
Appendix N-2 (cont)

Leq Leq Difference
Ship No. Rate Calc. Dos. Dos.-Calc.

PF-1097 MMFA 85.6 81.3 -4.3
USS Moinester BT3 91.5 90.0 -1.5

BT3 91.5 93.0 1.5
FN 85.0 95.0 10.0

Mean 1.4
S.D. 6.2

PF-1075 BT2 85.5 87.2 1.7
USS Trippe BT3 90.5 86.6 -3.9

BTFA 90.5 84.8 -5.7
BTPN 88.1 91.3 3.2
BT2 87.5 78.0 -9.5
BTFN 87.5 84.8 -2.7
BT3 85.1 87.5 2.4
MM3 89.7 94.7 5.0
MMFN 88.3 90.6 2.3
MMPN 87.1 8.0 -3.1 M

Mean -1.0

S.D. 4.6

Overall Mean -0.1
Overall Standard Deviation 5.9

E
ii

Ii

I,

... ... . " - .. . .' . .. ... .. Ii l . .. -- ' " .. . ..- J I
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I
Appendix N-3

I Differences between calculated ESL data and dosimeter data on an
individual basis, with general area averaging of measured noise

Jlevels.

I Leq Leq Difference
Ship No. Rate Cale. Dos. Dos.-Calc.

PF-1094 BTFR 90.1 97.9 7.8
USS Pharris BTFR 90.1 85.1 -5.0

BT3 90.1 9156 1.5

BTFN 90.1 96.3 6.2
BT2 90.1 87.1 -3.0

Mean 1.5
S.D. 5.6

FF-1085 BT3 95.0 85.5 -9.5
USS Beary BT3 97.7 84.1 -13.6

BT1 92.2 86.1 -6.1
BTFA 90.8 84.3 -6.5
BT3 86.4 80.8 -5.6
BT3 92.9 89.7 -3.2

Mean -7.i4

S.D. 3.6

PF-1092 MMFN 83.0 94.8 11.8
USS Thomas C. Hart T4MFR 88.9 92.4 3.5

BTFN 85.1 98.3 13.2
BT3 86.0 82.8 -3.2
MMPA 95.1 88.2 -6.9A MMFN 89.7 91.1 1.4Mean 3.3

S.D. 8.0

PF-1081 MM3 87.3 88.1 0.8
USS Aylwin MM3 83.9 87.6 3.7

MM3 88.9 88.4 -0.5
BT3 91.7 92.0 0.3
BT3 89.1 90.4 1.3
BT3 90.9 91.1 0.2

Mean 1.0

S.D. 1.5

FN-5
I-.l____-__i
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Appendix N-3 (cont)

Leq Leq Difference
Ship No. Rate Calc. Doe. Dos.-Calc.

FF-1097 MMFA 85.8 81.3 -4.5
USS Moinester BT3 91.8 90.0 -1.8

BT3 91.8 93.0 1.2
FN 86.9 95.0 8.1

Mean 0.8
S.D. 5.4

FF-1075 BT2 85.5 87.2 1.7
USS Trippe BT3 90.5 86.6 -3.9

BTFA 90.5 84.8 -5.7
BTFN 90.5 91.3 0.8
BT2 87.5 78.0 -9.5
BTFN 87.5 84,8 -2.7
BT3 87.5 87.5 0.0
MM3 91.2 94.7 3.5
MMFN 89.9 90.6 0.7
MMFN 85.6 84.0 -1.6Mean

S.D. 4.1

Overall Mean -0.7
Overall Standard Deviation 5.8

N

I N-6
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I
Appendix N-4

Differences between calculated ESL data and dosimeter data on a
grade average and individual ship basis with no averaging of
measured noise levels.

Leq Leq Difference

Ship No. Rate Calc. Dos. Dos.-Calc.

FF-1094 BTFR 89.3 9.15 2.2
USS Pharris BT3 87.1 91.6 4.5

BTFN 88.6 96.3 7.7
BT2 83.4 87.1 3.7

Mean 4.5
S.D. 2.3

FF-1085 BT3 84.9 85.0 0.1
USS Beary BT1 87.0 86.1 -0.9

BTFA *** 84.3 *
Mean -0.4
S.D. 0.7

FF-1092 MMFN 82.1 93.0 10.9
USS Thomas C. Hart MMFR 87.3 92.4 5.1

BTFN 78.0 98.3 20.0
BT3 84.2 82.8 -5.7
MMFA 93.5 88.2 -5.3

Mean 5.0
S.D. 11.0

FF-1081 MM3 85.4 88.0 2.6
USS Aylwin BT3 87.0 91.2 4.2IMean 3.4

S.D. 1.1

FF-1097 MMFA 85.4 81.3 -4.1

USS Moinester BT3 90.5 91.5 1.0
FN 84.5 95.0 10.5SMean 2.5

S.D. 7.4

FF-1075 BT2 87.5 82.6 -4.9
USS Trippe BT3 88.0 87.0 -1.0

BTFA 90.5 84.8 -5.7
BT'N 90.9 88.0 -2.9
MM3 90.9 94.7 3.8
MMFN 87.8 87.3 -0.5S.D. 3.5i Mean -1. 9S.D. 3.5

Overall Mean 2.1
Overall Standard Deviation 6.3I

N-7i t "-J
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Appendix N-5

Differences between calculated ESL data and dosimeter data on a
grade average and individual ship basis with sub area averaging
of measured noise levels.

Leq Leq Difference
Ship No. Rate Calc. Dos. Dos.-Calc.

FF-1094 BTPR 90.2 91.5 1.3
USS Pharris BT3 88.8 91.6 2.0

BTFN 89.8 96.3 6.5
BT2 90.0 87.1 -2.9

Mean 1.7
S.D. 3.8

FF-1085 BT3 91.6 85.0 -6.6
USS Beary BT1 88.9 86.1 -2.8

BTFA 90.8 84.3 -6.5
Mean -5.3 
S.D. 2.2

FF-1092 MMFN 87.5 93.0 5.5
USS Thomas C. Hart MMFR 87.3 92.4 5.1

BTFN 80.0 98.3 18.3
BT3 85.2 82.8 -2.4
MMFA 93.4 88.2 -5.2

Mean 4.3
S.D. 9.1

PF-1081 MM3 85.3 88.0 2.7
USS Aylwin BT3 90.9 91.2 0.3

Mean 1.5
S.D. 1.7

FP-1097 MMFA 83.1 81.3 -1.8
USS Moinester BT3 88.8 91.5 2.7

FN 84.7 95.0 10.3

Mean 3.7
S.D. 6.1

PF-1075 BT2 87.8 82.6 -5.2
USS Trippe BT3 87.8 87.0 -0.8

BTFA 90.5 84.8 -5.7
BTFN 87.8 88.0 0.2

MM3 89.7 94.7 5.0
MMPN 88.4 87.3 -1.1

Mean -1.3
S.D. 3.9

Overall Mean .8
Overall Standard Deviation 5.9

N-8
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1
Appendix N-6

I Differences between calculated ESL data and dosimeter data on a
grade average and individual ship basis with general area
averaging of measured noise levels.

Leq Leq Difference

Ship No. Rate Calc. Dos. Dos.-Calc.

FF-1094 BTFR 90.1 91.5 1.14
USS Pharris BT3 88.8 91.6 2.8

BTFN 89.8 96.3 6.5
BT2 90.0 87.1 -2.9

Mean 2.0
S.D. 3.9

FF-1085 BT3 92.3 85.0 -7.3
USS Beary BT1 89.7 86.1 -3.6

BTFA 90.8 84.3 -6.5
Mean -5.8
S.D. 2.0

FF-1092 MMFN 88.1 93.0 4.9
USS Thomas C. Hart MMFR 88.9 92.4 3.5

BTFN 80.0 98.3 18.3
BT3 85.2 82.8 -2.4
MMFA 95.1 88.2 -6.9

Mean 3.5

SF-1o8 
MM3 86.8 88.0 1.2

USS Aylwin BT3 90.6 91.2 0.6
Mean 0.9
S.D. 0.4

FF-1097 MMFA 83.3 81.3 -2.0
USS Moinester BT3 89.1 91.5 2.4

FN 86.0 95.0 9.0

Mean 3.1
S.D. 5.5

FF-1075 BT2 87.8 82.6 -5.2
USS Trippe BT3 89.0 87.0 -2.0

BTFA 90.5 84.8 -5.7
BTFN 89.0 88.0 -1.0
MM3 91.2 94.7 3.5
MMFN 88.4 87.3 -1.1Mean -1.9

i S.D. 3.4

A Overall Mean 0.3

Overall Standard Deviation 5.9

I
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I

Appendix N-7

Differences between calculated ESL data and dosimeter data on a
grade average (over all ships) basis with no area averaging of
measured noise levels. D

Leq Leq Difference "

Ship No. Rate Calc. Dos. Dos.-Calc. L

All Ships BTI 79.5 86.1 6.6
BT2 76.6 87.3 10.7
BT3 82.0 88.1 6.1

BTFA 85.5 84.6 -0.9
BTFN 85.5 92.7 7.2
BTFR 86.7 91.5 4.8

MM3 83.5 89.7 6.2
MMFA 85.6 84.7 -0.9
MMFN 83.7 90.1 6.4
MMFR 88.7 92.4 3.7

FN 81.8 95.0 13.2

Overall Mean 5.7

Overall Standard Deviation 4.2

N-10
J - "
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Appendix N-8

Differences between calculated ESL data and dosimeter data on a
grade average (over all ships) basis with sub area averaging of
measured noise levels.

Leq Leq Difference
Ship No. Rate Calc. Dos. Dos.-Calc.

All Ships BT1 87.4 86.1 -1.3
BT2 89.8 87.3 -2.5
BT3 89.0 88.1 -0.9

BTFA 88.2 84.6 -3.6
BTFN 87.8 92.7 4.9
BTFR 88.3 91.5 3.2

MM3 86.2 89.7 3.5
MMFA 85.2 84.7 -0.5
MMFN 85.5 90.1 4.6
MMFR 88.7 92.4 3.7

FN 82.9 95.0 12.1

Overall Mean 2.1
Overall Standard Deviation 4.5

N1
Ii
I
i
I

I N-il
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- Appendix N-9

Differences between calculated ESL data and dosimeter data on a

grade average (over all ships) basis with general area averaging

of measured noise levels.

Leq Leq Difference

Ship No. Rate Calc. Dos. Dos.-Calc.

All Ships BT1 87.6 86.1 -1.5
BT2 89.5 87.3 -2.2
BT3 89.3 88.1 -1.2

BTPA 87.7 84.6 -3.1
BTPN 88.3 92.7 4.4
BTFR 87.5 91.5 4.0

MM3 86.9 89.7 2.8
MMFA 86.1 84.7 -1.4
MMFN 86.0 90.1 4.1
MMFR 89.2 92.4 3.2

FN 83.3 95.0 11.7

Overall Mean 1.9
Overall Standard Deviation 4.3

N-12
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